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ABSTRACT 
A CAUSAL MODEL OF HOSPITAL VOLUME, STRUCTURE AND PROCESS 
INDICATORS, AND SURGICAL OUTCOMES 
By Myra Dare Boles, Ph.D. 
A dissertation submitted in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy at 
Virginia Commonwealth University. 
Virginia Commonwealth University, 1994. 
Major Director: Thomas T. H. Wan, Ph.D., Professor and 
Chairman, Department of Health 
Administration 
This research developed and tested a conceptual model 
to explain why higher volumes of certain surgical procedures 
lead to better patient outcomes. The model incorporated 
hospital structural characteristics and process of care 
indicators to explain the volume-outcome relationship. The 
volume-outcome relationship was further examined 
longitudinally to determine stability over time and to 
substantiate the causality implied by the conceptual model. 
A sample (n=1752) of acute-care, general hospitals was 
selected from hospitals that performed, in 1990, at least 
one surgical procedure on Medicare patients of the 
following: reduction of hip fracture, cholecystectomy, hip 
replacement, carotid endarterectomy, and pacemaker 
insertion. For the longitudinal analysis, the sample size 
was reduced to 1582 hospitals that performed all five 
surgical procedures in 1988 and in 1990. The conceptual 
model was specified as a structural equation model, and was 
analyzed using LISREL 7. The cross-sectional analysis 
examined interrelationships among volume, resource 
availability, average length of stay, structure, process, 
and outcome. Panel data were used to examine the stability 
of volume and outcome from 1988 to 1990. 
The hypothesized volume-outcome relationship existed 
for hip fracture and cholecystectomy, and the effects of 
structure and process on outcome were significant for hip 
fracture and hip replacement. No volume effects were 
detected for hip replacement, carotid endarterectomy, and 
pacemaker insertion. In all cases, volume, average length 
of stay, and resource availability had significant influence 
on the hospital's structure and process of care. Panel data 
were relatively stable for volume, but unstable for outcome. 
The volume-outcome relationship is procedure-specific. 
For hip fracture and cholecystectomy, the direct effect of 
volume on outcome is small after taking into account 
structure and process. The indirect effect of volume leads 
to inefficient care processes and attenuates the beneficial, 
direct effects of high volume. 
CHAPTER 1 - INTRODUCTION 
Introduction to the Problem 
The quality of care in hospitals continues to receive 
attention, both from the government and from private sector 
payers, in response to the need to account for the 
continuing escalation of dollars spent on health care in 
this setting. Purchasers of health care, including 
individuals, employers, third-party payers, and government, 
want valid measures of quality as they attempt to assess the 
value of the health care they are receiving in exchange for 
their ever-increasing expenditure on hospital care. In 
response to their concern for quality of care, there has 
been a dramatic rise in research activity focused on the 
appropriate treatment for patients with certain conditions 
in hospital settings. In this effort, comparisons among 
hospitals on various aspects of performance have been 
attempted. Most notably, since 1986 the Health Care 
Financing Administration (HCFA) has compared annual 
mortality rates, adjusted for case mix, across all hospitals 
in the United States that serve Medicare patients. 
The extensive research on patient outcomes and hospital 
quality has yet to produce a definitive model for explaining 
1 
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high quality health care. A great deal is known about the 
characteristics that exist in higher quality hospitals, 
e.g., higher volumes of procedures, larger size facility, 
teaching hospitals, enhanced clinical and technical 
competence, and management practices that facilitate 
coordination and communication. Yet, little is understood 
about why these characteristics produce better patient 
outcomes. A model which answers why would contribute to 
developing an improved system of health care in the setting 
where the largest health care expenditures occur. 
Ultimately, research efforts that focus on a framework for 
quality care, rather than on individual components alone, 
would lead to enhanced competitiveness in hospital markets, 
reducing costs, and improving efficiency and effectiveness. 
A framework for improved patient outcomes could be used by 
providers, health care managers, patients, and health policy 
researchers to develop clinical guidelines, establish 
system-focused criteria for accreditation, facilitate a more 
systematic selection of health plans and providers, and 
contribute to an improved health care system in the United 
States. 
Volume-Outcome Relationship 
Since the 1970s, a large body of research has addressed 
the empirical relationship between volume and outcomes in 
medical care (Farber, Kaiser, & Wenzel, 1981; Farley & 
Ozminkowski, 1992; Flood, Scott, & Ewy, 1984a; Flood, 
3 
Scott, & Ewy, 1984b; Hannan, Kilburn, O'Donnell, et al., 
1992; Hannan, O'Donnell, Kilburn, Bernard, & Yazici, 1989; 
Hughes, Garnick, Luft, McPhee, & Hunt, 1988; Hughes, Hunt, 
& Luft, 1987; Kelly, 1990; Kelly & Hellinger, 1986; Kelly 
& Hellinger, 1987; LeFevre, 1992; Luft, 1980; Luft, 
Bunker, & Enthoven, 1979; Luft, Garnick, Mark, & McPhee, 
1990; Luft, Garnick, Mark, Peltzman, et al., 1990; Luft & 
Hunt, 1986; Luft, Hunt, & Maerki, 1987; Maerki, Luft, & 
Hunt, 1986; Riley & Lubitz, 1985; Roos, Cageorge, Roos, & 
Danzinger, 1986; Roos, Roos, & Sharp, 1987; Showstack, 
Rosenfeld, Garnick, Luft, Schaffarzick, & Fowles, 1987) A 
review of this research indicates there is substantial 
evidence that hospitals which have higher volumes of 
patients with specific diagnoses or procedures have better 
outcomes in terms of lower mortality rates, fewer 
complications, and shorter lengths of stay than hospitals 
with fewer of these patients. Generalizing from the 
empirical results is difficult, however, because of 
differences in methodology, outcome measures, and data. 
Also, the relationship does not exist uniformly across all 
diagnoses and procedures. In addition, there are many 
questions still unanswered about the empirical relationship. 
For example, how do higher volumes of specific procedures 
affect the process of care in a particular hospital, which 
in turn may affect patient outcomes? Does an increasing 
number of patients over time enable a particular hospital to 
attract more specialists and become more technologically 
advanced, presumably enhancing quality of care? If 
technological sophistication increases as patient volumes 
increase, is this related to a more differentiated hospital 
organization with better communication and coordination 
systems which, in turn, may lead to a greater level of 
organization effectiveness, and eventually better outcomes? 
Despite the unanswered questions and the difficulties 
in generalizing from the results across the plethora of 
studies on volume and outcomes, many policy makers have 
concluded from these results that higher volumes lead to 
better patient outcomes. And there is a certain rationale 
which supports that conclusion. Luft, Garnick, Mark, and 
4 
McPhee (1990) point out that economists have found evidence 
of a learning curve effect in production environments where 
production becomes more efficient with greater experience, 
or where "practice-makes-perfect." Thus, one might expect 
the same to hold true in a hospital. In fact, a rather 
impressive number of studies (Farley & Ozminkowski, 1992; 
Flood et al., 1984a; Flood et al., 1984b; Hannan, Kilburn, 
O'Donnell, et al., 1992; Hannan et al., 1989; Hughes et 
al., 1988; Hughes et al., 1987; Kelly, 1990; Kelly & 
Hellinger, 1986; Kelly & Hellinger, 1987; LeFevre, 1992; 
Luft, 1980; Luft et al., 1979; Luft, Garnick, Mark, & 
McPhee, 1990; Luft, Garnick, Mark, Peltzman, et al., 1990; 
Luft & Hunt, 1986; Luft et al., 1987; Maerki et al., 1986) 
5 
have found support for the practice-makes-perfect 
explanation of the observed volume-outcome relationship for 
selected procedures and diagnoses. Higher volumes also may 
make it possible for economies of scale within the hospital 
organization. Higher volumes, for example, make it possible 
for hospitals to purchase specialized equipment, spreading 
the cost over a large number of patients. High volumes also 
allow the hiring of specialized professionals and 
technicians so that hospitals can become better equipped to 
handle emergency situations and reduce the likelihood of 
uncertainty in new situations. Luft, Garnick, Mark, and 
McPhee (1990) suggest that a related explanation of the 
practice-makes-perfect effect is the deterioration of skills 
with lack of practice, or where outcomes decline below a 
certain volume. Alternatively, some investigators 
attempting to interpret the volume-outcome relationship have 
pursued another line of inquiry: the selective-referral 
effect where the observed relationship between volume and 
outcome arises from the attraction of more patients to 
physicians and hospitals with better outcomes (Luft, 
Garnick, Mark, & McPhee, 1990). However, many researchers 
have rejected this notion with the belief that variation in 
outcomes in hospitals or by physicians is too vast or 
complex to be understood by patients or admitting 
physicians. Luft and his colleagues (Luft, 1980; Luft, 
Garnick, Mark, & McPhee, 1990; Luft et al., 1987) have 
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developed and tested sophisticated models designed to test 
the practice-makes-perfect effect and the selective-referral 
effect simultaneously, but the models have not been fully 
convincing, even to the authors. In fact, Luft, Garnick, 
Mark, and McPhee (1990) admit that, "most studies are 
appropriately interpreted as testing the existence of a 
relation between volume and outcome, not its 
direction .... All the available evidence is indirect and, 
therefore, less than fully convincing. Our view is that the 
case concerning causation is far from settled" (p.14) 
To better understand the underlying causal 
relationships, studies of the volume-outcome relationship 
must incorporate a time dimension. Unfortunately, until the 
recent longitudinal studies using panel data by Farley and 
Ozminkowski (1992) and Hannan, Kilburn, O'Donnell, et al. 
(1992), none of the previous studies did more than compare 
the performance of different hospitals or physicians at 
similar points in time. In fact, Farley and Ozminkowski 
(1992) flatly state that the cross-sectional analyses have 
not provided accurate information about how particular 
hospitals respond to changes in volume. Knowing that higher 
volume hospitals have better outcomes for a particular 
procedure does not necessarily imply that outcomes will 
improve at another hospital if its volume increases. Thus, 
one cannot adequately conclude anything about the effect of 
changes in volumes on outcomes with cross-sectional data 
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alone. 
Both of the longitudinal studies by Farley and 
Ozminkowski (1992) and Hannan, Kilburn, O'Donnell, et al. 
(1992) have demonstrated convincingly that hospital volume 
has an inverse relationship with mortality rates for 
patients of certain diagnoses and procedures. The use of 
panel data has extended the empirical research on volume and 
outcomes by providing support for the causal notion that 
increasing hospital volumes leads to better patient 
outcomes. An issue that has not been explained, however, is 
why or how outcomes improve as volume increases. In short, 
the important question is not whether volume is related to 
outcomes (generally it is), but rather, why this 
relationship exists. What happens to the hospital 
organization as a result of higher volumes of patients that, 
in turn, leads to the delivery of better quality of care? 
In order to answer this question it seems unwise to exclude 
from analysis any factor that has a potential or 
demonstrated relationship to volume, to quality of care, or 
to both. Thus, one must concomitantly consider the large 
body of knowledge generated from empirical research on the 
many factors associated with hospital performance. The 
purpose is to explain the complex interrelationships among 
environment, structural factors, process factors, and higher 
volumes of certain types of patients that lead to better 
patient outcomes in hospitals. 
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Other Factors Associated with Hospital Performance 
Patient care outcomes have become the major focus of 
research for those interested in the comparative performance 
of hospital quality of care. Hospital mortality rates have 
been used for this purpose because such data are readily 
available and easy to understand. However, if mortality 
data are to be used, they must reflect actual differences in 
quality of care and not other factors, such as patient 
severity of illness at the time of admission. Differences 
in patient care outcomes across hospitals may be due to 
variations in the types of patients treated, the severity of 
patients' principal diagnoses, the type and complexity of 
the patients' comorbidities, and the social and financial 
condition of the patients. If one is primarily interested 
in the structural, process or environmental factors that 
affect quality of care, then one must control for the 
characteristics of patients that affect outcomes. If the 
adjustment is not adequate, then the outcomes will appear to 
be worse in hospitals that treat more severely ill patients. 
Variation in hospitals' performance as measured by 
patient outcomes may be due to particular characteristics of 
the hospital and to the local environment in which the 
hospital operates. Many empirical studies have found 
characteristics of hospitals that are significantly 
associated with quality of care, even when taking into 
account differences in patient mix (Al-Haider & Wan, 1991; 
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Farley & Ozminkowski, 1992; Fleming, 1990; Flood, Ewy, 
Scott, Forrest, & Brown, 1979; Flood et al., 1984b; Flood, 
Scott, Ewy, & Forrest, 1982; Hannan, Kilburn, O'Donnell, et 
al., 1992; Hartz et al., 1989; Hughes et al., 1988; 
Hughes et al., 1987; Keeler et al., 1992; Kelly, 1990; 
Kelly & Hellinger, 1986; Kelly & Hellinger, 1987; Kuhn, 
Hartz, Gottlieb, & Rimm, 1991; Luft, 1980; Luft et al., 
1987; Riley & Lubitz, 1986; Scott, Flood, & Ewy, 1979; 
Shortell & Hughes, 1988; Shortell & LoGerfo, 1981; Silber, 
Williams, Krakauer, & Schwartz, 1992; Wan, 1992). For 
example, various structural characteristics of hospitals 
have been shown to be significantly associated with patient 
care outcomes: hospital size, teaching status, medical 
staff organization, technological sophistication, 
specialization, ownership, and system membership. Other 
significant characteristics, which are measures of the 
process of care (i.e., what is done to patients, how much 
and how well), have also been shown to be related to patient 
outcomes. These include service intensity, expenditures per 
patient day, duration of services, and production 
efficiency. Finally, certain environmental or contextual 
factors have been found to be associated with patient 
outcomes: extent of regulation, competition, geographic 
location, percent of poverty or unemployment in the 
community, percent of minorities in the community, payer 
mix, physician-to-population ratio, and population size. 
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The studies vary greatly, however, in terms of data, sample 
size, methodology, and specification so that generalizations 
about the findings are difficult. 
Purpose and Objectives 
The purpose of this study is to develop and test a 
theoretical framework to explain why and how the volume­
outcome relationship exists. Much of the existing research 
on the volume-outcome relationship is empirically driven, 
testing the existence and/or the direction of the 
relationship. To date, no research has developed a 
comprehensive framework for expanding our understanding 
about what happens in the high volume hospital that brings 
about better patient outcomes, or what happens in the low 
volume hospital that brings about worse patient outcomes. 
This study will first attempt to find convergence in the 
empirical literature on the volume-outcome relationship and 
the empirical literature on hospital performance, quality, 
and outcomes. The objective is to detect theoretical 
relationships among factors that affect, or are affected by 
volume, by outcomes, or by both. From this, an expanded 
volume-outcome framework is developed, generating hypotheses 
to be tested empirically using a structural equation 
modeling methodology. 
Research Questions 
The state of research on the volume-outcome 
relationship invokes the following research questions that 
will guide the development of a theoretical framework in 
this study: 
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1. At a single point in time, why are lower volumes of 
patients with certain diagnoses or procedures associated 
with worse patient outcomes? 
2. Is the volume-outcome relationship explained by 
intervening hospital-level factors that are a consequence of 
volume, but at the same time are predictors of patient 
outcomes? 
3. What happens to the volume-outcome relationship 
over time? If volume increases, do outcomes improve? 
Framework and Hypotheses 
The expanded volume-outcome framework presented in 
Figure 1 assumes that the practice-makes-perfect perspective 
establishes the causal direction of the volume-outcome 
relationship, i.e., volume drives outcomes. Yet, the 
framework attenuates this relationship by proposing that 
variation in outcomes is explained only partially by direct 
variation in volume. High volumes are purported to 
influence the structure of the hospital since the more 
procedures that are performed and more patients that are 
served require additional facilities, personnel and 
equipment. Structural contingency theory has found support 
for the relationship between size and structure, where 
Figure 1. Conceptual Model of 
the Expanded Volume-Outcome Framework 
12 
13 
larger size is associated with increased complexity, 
differentiation, and specialization. These structural 
features, in turn, foster technical competence and create an 
imperative for greater service intensity and resource 
consumption. The process measures of service intensity and 
resource consumption have empirical support for being 
associated with patient outcomes. Thus, it is apparent that 
the expanded volume-outcome model incorporates a structure­
process-outcome perspective. 
The following hypotheses are generated from the model 
in Figure 1: 
H1: Better patient outcomes are, in part, a direct 
consequence of high volumes. 
H2: As volume increases, the hospital must grow in 
size to accommodate the impact of higher volumes, 
becoming more structurally differentiated, and 
improving in technical competence as the demand 
grows for technical and highly specialized staff. 
H3: Greater financial resources are positively 
associated with higher volumes, but the origin of 
greater financial resources lies outside the 
model. 
H4: Greater financial resources allow a hospital to 
grow in size, and enable a hospital to attract and 
retain more highly specialized personnel and 
purchase more high-technology equipment. 
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H5: The greater the structural differentiation and the 
higher the level of technical competence, the 
greater the propensity for service intensity and 
resource consumption. 
H6: The shorter the length of stay, the greater the 
service intensity and resource consumption. 
H7: Shorter lengths of stay contribute to greater 
turnover of patients, allowing higher volumes of 
procedures to be performed. 
H8: Higher volumes lead to greater service intensity 
and resource consumption. 
H9: The greater the service intensity and resource 
consumption, the worse the patient outcomes. 
Scope and Approach 
This section describes the scope of the research and 
the analytical approach used to arrive at the empirical 
results. Definitions of terms are also included. 
Scope 
This study analyzes the expanded volume-outcome 
relationship for all general, acute-care hospitals in the 
United States that perform five selected surgical procedures 
on Medicare beneficiaries (selection criteria and 
methodology are explained in detail in Chapter 3 -
Methodology) . The study evaluates the relationship 
longitudinally; therefore, a two-wave panel study is 
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conducted that encompasses only those hospitals that are 
eligible for study in both time periods. The outcome 
measure is the risk-adjusted mortality rate at the hospital 
level for each of the five procedures under study. Data are 
obtained from the HCFA Hospital Information (mortality) 
file, the HCFA Minimum Data Sets, the HCFA Case Mix Index 
file, and the American Hospital Association's Annual Survey 
data. 
Analytical Approach 
This research consists of a cross-sectional study and a 
two-wave panel study with the hospital as the unit of 
analysis. Annual data are collected at two time points, 
1988 and 1990. Hospital-level mortality rates for each of 
the five surgical procedures are adjusted for patient 
severity by using a method of risk adjustment referred to by 
Blumberg (1986) as indirect standardization. Risk 
adjustment is performed by taking the expected value (mean) 
of the probability of death for selected Medicare patients 
having undergone a designated surgical procedure, then 
comparing this to the actual or observed mortality rate. A 
risk-adjusted rate is computed by dividing the actual by the 
expected. The risk-adjusted rate is then used in the model 
as the dependent variable. 
Structural equation modeling is the analytic technique 
used to examine the relationships among volume, resource 
availability, average length of stay, structure, process, 
16 
and outcomes. Structural equation modeling was chosen for 
several reasons. First, it provides for the elaboration of 
direct, indirect, and total effects in a complex model, such 
as the one being proposed here. Second, it incorporates 
latent variables, which are measured by indicator variables, 
and allows for systematic measurement error which is 
inherent in health services research. Third, it allows for 
the specification of correlation among related exogenous 
latent variables. This mitigates the untoward effects of 
biased parameter estimates when multicollinearity exists. 
The structural equation model is analyzed using LISREL 
7. LISREL 7 estimates the parameters or links between the 
variables which, according to Bollen (1989), describe the 
causal link between unobserved latent variables, between 
observed variables, or between unobserved and observed 
variables. Causality is substantiated further by testing 
the stability of the relationships over time. 
Significance of the Study 
Interest in the volume-outcome relationship has spurred 
much research activity over the past 15 years, and health 
services researchers have found considerable evidence that 
the volume of hospital services is positively related to 
patient outcomes. The volume-outcome relationship has 
important policy implications for regionalization of certain 
hospital services or for selective contracting arrangements 
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between providers and payers of health care. 
This study contributes to the body of knowledge on the 
volume-outcome relationship in many ways. First, the 
primary research question, "Why do higher volumes lead to 
better patient outcomes?" is the first to explore more than 
just the empirical existence of the volume-outcome 
relationship. While many studies have shown that the 
relationship does indeed exist, none of the published 
research to date has developed a comprehensive framework 
that explains what occurs inside the hospital between high 
volumes and desirable patient outcomes. This study develops 
and tests a theoretical framework that will enable one to 
analyze the causal relationships between complex 
organizational structural features and processes that are a 
result, directly or indirectly, of high volumes, which also 
have an impact on patient outcomes. Second, this study 
examines, with a nationally representative set of hospitals, 
how patient outcomes respond to changes in volume over time. 
Very few studies have evaluated the volume-outcome 
relationship longitudinally using panel data, and much work 
is needed in this area. Third, this study is the only known 
work among published volume-outcome studies that explores 
the causal relationships using structural equation modeling. 
Assumptions 
This study has been designed and analyzed based on 
several assumptions: 
1. The findings from a sample of 1,752 hospital are 
generalizable to all hospitals in the United States. 
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2. A hospital's mortality rate is a valid indicator of 
its quality of care. 
3. An analysis based on the experience of Medicare 
patients reflects the overall experience of all patients in 
the hospital. 
4. Risk adjustment of mortality rates using claims 
data is sufficient to account for patient risk so that 
variation in mortality rates across hospitals is not 
confounded by differences in patient severity. 
5. The period from 1988 to 1990 is sufficient to 
detect changes in volume of surgical procedures and 
mortality rates. 
6. The data are normally distributed with minimum 
kurtosis. 
7. Causal relations among latent variables can be 
inferred from the degree to which the hypothesized 
theoretical model fits the data. 
Summary of Remaining Chapters 
The following chapters present the related empirical 
and theoretical literature, the conceptual framework used to 
establish the analytical model, the methodology used to 
analyze data, the results of the analysis, and the summary 
and conclusions from the research effort. 
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Chapter 2 reviews 
the relevant literature and develops the conceptual 
framework. Chapter 3 describes the study sample and 
presents the analytical methods. Chapter 4 describes the 
empirical results and relates the results to the conceptual 
framework. Chapter 5 summarizes the study findings and 
discusses implications for policy considerations and future 
research. 
CHAPTER 2 - LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK 
Introduction and Background 
Since the 1970s, there has been a substantial body of 
research that has addressed and demonstrated considerable 
support for the positive empirical relationship between the 
number of patients with a specific diagnosis or procedure 
and their outcomes after treatment. In fact, interest in 
this topic goes back to the early part of the twentieth 
century with Cadman's (1918) classic study of the quality of 
medical care and the variation in outcomes among hospitals. 
Evidence of the volume-outcome relationship has led to 
important policy debates and practical recommendations, 
including recommendations for minimum volumes for certain 
types of services and the consideration of preferred 
provider arrangements and selective contracting between 
third-party payers and certain high volume providers. If 
outcomes really do improve as volume increases, then 
arrangements that channel patients to certain providers 
would improve the quality in those facilities. 
While evidence for the volume-outcome relationship is 
quite convincing for many diagnoses and procedures, judgment 
must be exercised when generalizing from the results. The 
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plethora of research on this topic has resulted in 
inconsistencies in findings due to widely differing data, 
settings, and methodologies. In fact, the very nature of 
the hypothesized relationship between volume and outcome has 
resulted in inconclusive results about the causal direction 
of the relationship: do higher volumes lead to better 
outcomes, i.e. "practice-makes-perfect?" Or do patients and 
physicians seek care at facilities with reputations for 
better performance thereby resulting in higher volumes, 
i.e., the "selective-referral" hypothesis? Or are there 
intermediary factors that explain why the preponderance of 
the research evidence, regardless of direction, supports the 
volume-outcome relationship? 
This literature review first will present the research 
to date that has tested the empirical relationship between 
volume of procedures and diagnoses and patient outcomes in 
hospitals. The literature review will next explore the 
remaining research on other empirical findings related to 
patient care outcomes and quality of care in hospitals. 
Throughout these two sections of the literature review, the 
unanswered questions regarding the nature of the volume­
outcome relationship will be identified. From this, the 
foundation will be established for the conceptual framework 
used in this study. The framework will be supported by the 
theoretical and empirical literature in the areas of 
structural contingency theory, the structure-process-outcome 
framework, and limited applications from the literature in 
organizational innovation and medical technology. 
22 
Previous Studies of the Volume-Outcome Relationship 
This section presents the findings from the literature 
on the volume-outcome relationship. 
Conceptual Issues 
Previous studies of the volume-outcome relationship 
vary in their findings, so it helps to point out the major 
conceptual issues that explain some of the variance. The 
resolution of these issues, within the context of this 
study, will be presented in Chapter 3 - Methodology. 
Causal Direction 
The empirical research on volume and outcomes is 
somewhat confusing because of two separate conceptual models 
that explain the relationship. The first is the "practice­
makes-perfect'' or learning curve/experience model, and 
refers to the notion that experience accumulated over time 
leads to more skills, and therefore, better outcomes. There 
may exist an organizational learning curve so that as 
experience is gained with certain types of patients, 
standards and protocols are developed that make it easier to 
treat subsequent patients (Luft, Garnick, Mark, & McPhee, 
1990). Luft, Garnick, Mark, and McPhee (1990) also suggest 
that the effect of volume on outcome is really a scale 
effect where hospitals or physicians with high volumes at a 
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particular point in time achieve better outcomes. Higher 
volumes may make it possible for hospitals to purchase 
specialized equipment, or allow for the hiring of 
specialized people who are better equipped to handle 
technical or emergency procedures. The second conceptual 
model to explain volume and outcomes is the selective­
referral model which posits that the observed inverse 
relationship between volume and outcome arises from the 
attraction of more patients to physicians and hospitals with 
better outcomes. 
Luft (1980), Luft et al. (1987), and Hughes et al. 
(1988) attempted to disentangle the practice-makes-perfect 
and the selective-referral effects by using simultaneous 
equations models with a single year of data. In all of 
these studies, both effects were supported. Luft (1980) 
explored the relationship between volume and postoperative 
mortality in relation to other potentially important 
variables such as bed size, number of admissions, house 
staff size, metropolitan location, region, and hospital 
charges. Luft examined 12 procedures in nearly 1500 
hospitals from 1974 and 1975. He found a significant volume 
effect which was not diminished by the subsequent inclusion 
of the other variables. He proposed a simultaneous equation 
approach to examine the issue of the causal direction, which 
was applied in Luft et al. (1987). Luft et al. (1987) 
examined 1972 data for 17 categories of procedures and 
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diagnoses from a sample of 900 hospitals and found that both 
practice-makes-perfect and selective-referral hypotheses to 
be valid, taking into account each hospital's mix of 
patients categorized by age, gender, presence of multiple 
diagnoses, and admission blood pressure. They also took into 
account the proportion of patients transferring in and out 
of the hospital. In the study by Hughes et al. (1 988), the 
authors used simultaneous equations to examine the direction 
of the volume-outcome relationship for nearly 45,000 
patients with hip fractures from 704 short-term general 
hospitals in 1 982. Results confirmed both a practice­
makes-perfect effect and a selective-referral effect for 
higher volumes of patients and lower in-hospital mortality 
rates. Other significant factors in the relationship were 
secondary diagnoses of diabetes and heart disease, public 
hospital ownership, medical school affiliation, geographic 
location, and percentage of blacks in the population. 
Luft and his colleagues (Luft, Garnick, Mark, Peltzman, 
et al., 1 9 90) took their argument for a selective-referral 
effect one step further and examined additional extraneous 
reasons to explain whether quality, charges, ownership, and 
distance to the hospital influenced the attractiveness of a 
hospital to physicians or patients for seven surgical 
procedures and five medical diagnoses. Using 1 983 data, the 
models were estimated with a conditional logit method, 
adjusting for case mix. Greater distance and public or 
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proprietary ownership consistently reduced the likelihood of 
selection while medical school affiliation increased the 
likelihood of selection. For five of seven procedures and 
two of five medical diagnoses, hospitals with poorer than 
expected outcomes attracted fewer admissions. These results 
were consistent with previous findings on selective-referral 
for some diagnoses and procedures, but the authors pointed 
out that some hospitals had better outcomes because they 
attracted high volumes first (i.e., practice-makes-perfect) 
Luft, Garnick, Mark, and McPhee (1990) point out that 
attempts to estimate simultaneous paths of causation have 
not been fully convincing, even to the authors (Luft, 1980; 
Luft et al., 1987). The exact chain of causation may not 
always be the most important issue; however, the two models 
have substantially different policy implications. The 
practice-makes-perfect phenomenon implies that effort should 
be made to concentrate on certain types of patients in 
selected hospitals in order to improve outcomes, assuming 
that increasing volume would improve quality. 
Alternatively, if the observed relationship is due to 
selective-referral, where patients are channeled to the 
providers of higher quality, then contracting on the basis 
of price would not necessarily result in beneficial patient 
outcomes (Luft, Garnick, Mark, & McPhee, 1990). 
In order to provide a more convincing argument for the 
underlying causal relationship between volume and outcomes, 
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a time dimension must be incorporated. Generally, the 
volume-outcome relationship described in most of the studies 
on the topic is merely an association between the two 
variables since the data in nearly all the studies are 
cross-sectional. Most of the previous research was forced 
to apply simultaneous equations methods to a single year of 
data in order to determine causal direction. Without a 
measure of mortality over time for specific procedures or 
diagnoses at a given hospital, one can conclude very little 
about the effect of changes in volume from year to year on 
mortality rates. In fact, Farley and Ozminkowski (1992), 
who are among a very small number of researchers to date 
that have published studies using panel data, point out that 
no matter how diligently previous researchers have attempted 
to control for factors that account for inter-hospital 
variations in volumes and outcomes, cross-sectional data do 
not provide complete information about how particular 
hospitals may respond to specific policy recommendations for 
selective contracting or regionalization of services, for 
example. Knowing that higher volume hospitals have better 
outcomes for a particular procedure does not necessarily 
imply that outcomes will improve at another hospital if 
volume increases. 
An analysis using panel data differs from the previous 
studies in that it uses multiple observations on a cross­
section of hospitals to evaluate the effects of changing 
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volume on patient outcomes. Farley and Ozminkowski (1992) 
are the first known researchers to employ such a technique. 
They decompose up to eight years of information on 500 
community hospitals into separate cross-sectional (between 
hospitals) and longitudinal (across hospitals) components 
for five different groups of procedures and diagnoses. They 
use multivariate regressions, taking into account case 
severity by subtracting a calculated expected mortality rate 
from the actual mortality rate. The advantage of using 
panel data, according to the authors, depends upon whether 
unmeasured hospital characteristics are correlated with both 
volume and outcome. If they are, cross-sectional results 
are biased, but longitudinal analyses can provide consistent 
estimates of volume-outcome relationships by controlling for 
such factors, especially if they are stable over time. If 
unmeasured factors are not correlated with volume and 
outcome, panel data make it possible to obtain more 
efficient estimates by combining the longitudinal and cross­
sectional components into a single analysis. An 
instrumental variables technique is also employed to control 
for the possibility of selective-referral effect, which 
appears to be due to referral patterns in which hospitals 
that improve their outcomes attract larger numbers of 
patients. 
The empirical results of the study conducted by Farley 
and Ozminkowski (1992) show a significant, negative 
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relationship between volume and adj usted mortality over time 
for acute myocardial infarction, hernia repair, and 
respiratory distress syndrome in neonates. Among the 
longitudinal regressions, the test for a selective-referral 
effect is significant only for coronary artery bypass graft 
(CABG) surgery. No substantial volume effects are detected 
for hip replacements. Overall, the findings substantiate 
the conclusion that the effects of volume on outcomes are 
larger when estimated on the basis of longitudinal rather 
than cross-sectional analyses. Farley and Ozminkowski state 
that this pattern suggests that volume is correlated cross­
sectionally with some factor associated with in-hospital 
mortality because within-hospital estimates are presumably 
consistent. The results of their analysis extend previous 
knowledge about the volume-outcome relationship, mostly by 
supporting the contention that increasing hospital volumes 
lead to better patient outcomes. While this relationship 
has been implied by previous research, it has never been 
proved because most earlier studies do not use panel data. 
A recent study by Hannan, Kilburn, O'Donnell, et al. 
(1992) followed the lead of Farley and Ozminkowski (1992) by 
using panel data for a longitudinal analysis to examine the 
relationship between in-hospital mortality for patients 
receiving an abdominal aortic aneurysm resection and the 
volume of aneurysm operations performed in the previous year 
at the hospital where the operation took place. They used a 
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six-year data base of New York State hospital discharge data 
to study the practice-makes-perfect hypothesis and the 
selective-referral hypothesis plus how hospital and surgeon 
volume jointly affected mortality rate. Logistic regression 
analysis was employed to analyze severity-adjusted mortality 
for hospitals and for surgeons at an initial period of time 
and a subsequent period of time. The results of the study 
demonstrated that hospital volume had a strong inverse 
relationship with in-hospital mortality rates for patients 
receiving resections of unruptured abdominal aortic 
aneurysms in New York over a six-year period. 
Unfortunately, the analysis was limited to surgeon volume 
because hospital volume was extremely stable over the six­
year period. Yet, the results revealed only weak evidence 
for both the practice-makes-perfect effect and the 
selective-referral effect because very few surgeons 
substantially increased their aneurysm surgery volumes in 
the six-year study period. The authors concluded that "the 
safest means for increasing New York's statewide percentage 
of unruptured aneurysm resections performed by high-volume 
providers [surgeons] is to increase the number of patients 
operated on by providers who already do a high volume of 
cases" (p. 540). 
Two remaining studies also looked at mortality data 
over time, but these studies did not use panel data for a 
longitudinal analysis. Sloan, Perrin, & Valvona (1986) 
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performed regression analysis on mortality data from 1972 to 
1981 for patients undergoing one of seven different surgical 
procedures. The regressions incorporated patient risk 
factors, hospital structural factors, and volume and volume­
squared as independent variables. Overall, the authors 
found lower mortality rates associated with higher annual 
hospital volumes. Unfortunately, as Farley and Ozminkowski 
(1992) pointed out, the empirical analysis performed by 
Sloan et al. (1986) used the same model for measuring 
variation between hospitals at a single point in time and 
for measuring variation within hospitals over time. Because 
they did not include a model that looked at unmeasured 
differences among hospitals over time, the results were 
subject to the same biases as other cross-sectional studies. 
Rosenfeld, Luft, Garnick, & McPhee (1987) also examined 
changes in outcomes over time in relation to changes in 
annual volume of surgery for CABG surgery between 1972 and 
1982. The authors employed a classification methodology for 
analysis where the expected death rates were calculated as 
the death rate that would occur if patients in a given 
volume category by hospital achieved the same outcomes as 
the overall average of all hospitals in the study. An 
estimated mortality rate, adjusted by age, sex and volume 
was obtained by multiplying the 1972 actual-to-expected 
death rate and weighting the results by the 1982 patient 
mix. Any difference between calculated death rate and 
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actual 1982 death rate reflected changes between 1972 and 
1982 other than the measured age, sex, and volume. The 
results showed that an increase in annual volumes of CABG 
surgery explained a larger portion of the decline in death 
rates; however, the hospitals analyzed in 1972 were not all 
the same ones as analyzed in 1982, thus other factors may 
have played a key role in the declining in-hospital 
mortality rates for CABG surgery, particularly variations in 
diffusion of CABG technological innovation across the 
hospitals in the study. 
Hospital or Physician Volume? 
Much evidence has documented the relationship between 
volumes and outcomes at the hospital level of analysis. The 
next question is: how much of this relationship may 
actually be due to the experience of the individual 
physicians? Most researchers have failed to find 
significant relationships between surgeon characteristics 
and patient outcomes. One difficulty in doing so has been 
the lack of accurately identifying the total number of 
procedures performed because physicians usually have 
privileges at several hospitals, yet outcome data is often 
analyzed at the level of the hospital. Another difficulty 
has been the problem of economies of scope by surgeons who 
perform multiple similar procedures using the same skills 
and technology. An analysis of the volume of certain 
selected procedures often excludes the influence of high 
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volumes of closely related procedures. 
Flood et al. (1982) directly examined the relative 
importance of hospital and surgeon characteristics on 
patient outcomes. In their study, the number of residencies 
and the percent of practice performed in a particular 
hospital were analyzed against outcomes. These factors did 
not significantly add to the amount of variation explained 
once hospital size, expenditures, and teaching status were 
taken into account. Flood et al. concluded that 
"differences in the quality of surgical care seem to be more 
closely associated with features of the hospital setting in 
which care is delivered and features of the surgical staff 
as a corporate body than with the characteristics of the 
individual surgeons" (p. 361). These conclusions tend to 
support the contention that the scale effect rather than the 
learning effect is the predominant explanation for the 
volume-outcome relationship. The assumption is that most of 
the individual learning is incorporated in the organization 
process. 
Kelly and Hellinger (1986) examined the effect of 
surgeon volume and board certification on mortality for four 
procedures or diagnoses, controlling for several patient 
risk factors. They found evidence that board certification 
was related to outcomes, but found no support for the 
proposition that individual surgeon volume was significantly 
related to patient mortality. Kelly and Hellinger (1987), 
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in another study looking at CABG, cardiac catheterization 
and acute myocardial infarction (AMI), found a significant 
hospital volume-outcome effect for cardiac catheterization 
and CABG, but found a physician volume effect for AMI 
patients. Additional studies looking at physician volumes 
also have mixed results. Roos et al. (1986) and Roos et al. 
(1987) analyzed hospital and physician volume on various 
patient outcomes such as postdischarge complications, 
readmissions, and mortality for hysterectomy, 
cholecystectomy, and prostatectomy. In the 1986 study, they 
found that patients of surgeons performing fewer than 20 
cholecystectomies per year had increased odds of 
readmissions, controlling for certain patient risk factors. 
There were no significant associations for the other two 
procedures. The 1987 study revealed a hospital volume 
effect only: fewer than 200 procedures over two years were 
associated with higher readmissions for cholecystectomy and 
hysterectomy. Hannan et al. (1989) investigated the 
physician volume and hospital volume relationship to 
mortality for five surgical procedures. Using logistic 
regression, the investigators included hospital volume, 
physician volume, and other patient and hospital variables 
in the model. All five procedures showed a significant 
volume-outcome relationship, but whether it was hospital or 
physician volume varied by procedure. Hannan, Kilburn, 
O'Donnell, et al. (1992) again investigated the physician 
34 
volume and hospital volume relationship to mortality, but 
this time employing a longitudinal analysis with panel data. 
As described in more detail in an earlier section, the 
analysis revealed that hospital volume was extremely stable 
during the six-year study period; therefore, the effect of 
change in hospital volume on change in mortality rate could 
not be determined. For the aneurysm procedure studied, 
aneurysm surgeons did not show a statistically significant 
decrease in mortality rates over time because the physician 
volume increases over time were not large enough to predict 
a change. The most interesting finding, according to the 
authors, was that aneurysm surgeons rarely changed from low 
to high volumes because even new surgeons rose to a high 
volume level quickly without experiencing a period of low 
volume. It appears, however, that Hannan, Kilburn, 
O'Donnell, et al. (1992) assumed the volume-outcome 
relationship to be linear and monotonic where higher volumes 
mean better outcomes. It has been suggested by Hughes et 
al. (1987) that the relationship is not linear; instead 
there is a pronounced effect of worse outcomes at low 
volumes, and a flattening of the curve at high volumes. The 
diminishing effect of better outcomes at higher volumes may 
explain the lack of a significant volume-outcome 
relationship for aneurysm surgeons in the study by Hannan, 
Kilburn, O'Donnell, et al. (1992). 
Hughes et al. (1987) focused their empirical analysis 
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of surgeon volume on the impact of low numbers of procedures 
performed. Their hypothesis was that the fewer procedures 
performed by a surgeon in a given year, the more likely the 
patient would experience bad outcomes. They also looked at 
the hospital level where the greater the proportion of 
patients operated on by low volume surgeons, the more likely 
the patients were to have poorer outcomes. The authors 
analyzed ten surgical procedures, adj usted for case mix, for 
757 hospitals during 1982. The effects of hospital volume 
and physician volume were tested simultaneously while 
controlling for the effects of hospital characteristics and 
the hospitals' environments. Results indicated that both 
hospital volume and the proportion of patients operated on 
by low volume physicians were related to outcomes where 
higher hospital volume was positively related to better 
outcomes, and a higher percentage of patients operated on by 
low volume surgeons was related to poorer outcomes. 
Most recently, LeFevre (1992) specifically addressed 
the issue of physician volume and outcome in obstetrics. 
Using logistic regression with neonatal death and perinatal 
death as outcome measures, the author found no relationship 
between physician volume and outcome, adj usted for risk 
factors which included age, race, education, smoking status 
of the mother, and birth weight of the infant. He concluded 
that volume was not a good indication of competence in 
deliveries since, in most circumstances, pregnancy was not 
an illness and birth was not a surgical procedure. Low 
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volume physicians were able to manage complicated, high-risk 
pregnancies by referral and consultation, thus they achieved 
outcomes comparable to their high volume colleagues. 
Additional Empirical Studies on the 
Volume-Outcome Relationship 
Additional research has explored the relationship 
between volume and outcome in order to shape an 
understanding of the empirical relationship rather than 
explicitly attempt to explain the causal direction. 
Investigators interested in the volume-outcome relationship 
generally examine it using analytic methods while 
statistically controlling for other factors. Other 
investigators, interested primarily in examining the 
relationship between outcomes and other hospital 
characteristics, have incorporated volume measures as 
control variables into the model specification. 
Early studies during the 1970s, such as the one 
conducted by Adams, Fraser, & Abrams (1973), relied 
primarily on descriptive methods with no control variables. 
In this study, the authors found the mortality rate for 
coronary arteriography in 173 hospitals was eight times 
higher in hospitals performing fewer than 200 of these 
procedures than in hospitals performing greater than 800 of 
them. There was no adjustment for patient risk factors. In 
another early study, Luft and his colleagues (Luft et al., 
1979) examined mortality rates for 12 surgical procedures in 
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nearly 1500 hospitals using data obtained from the years 
1974 and 1975. The authors grouped hospitals based on 
annual volume of the selected surgical procedures performed. 
They then calculated the expected death rate for each 
hospital based on its mix of patients categorized by patient 
risk factors, both clinical and demographic. The hospital 
groups and patient categories provided a 20 cell matrix in 
which the cell-specific death rate was calculated. The 
authors found evidence for a consistent relationship between 
volumes and outcomes, and the matrix method presented a 
clear graphic presentation of the results. A subsequent 
study by Luft (1980) used the same data and method, but also 
incorporated other potentially important variables such as 
hospital size, teaching status, charges, and geographic 
area. In general, the significance of the volume-outcome 
relationship was not diminished by the inclusion of the 
other variables. 
Throughout the decade of the 1980s, many studies were 
published which supported the empirical relationship, 
despite the wide variation in methods and data. Shortell 
and LoGerfo (1981) examined the relationship of hospital 
structural characteristics, physician characteristics, and 
medical staff organization to outcomes for acute myocardial 
infarction (AMI) and appendectomy in 96 hospitals in one 
region of the country. Based on multiple regression 
analysis where mortality rates were adjusted for age, 
38 
admission blood pressure, and gender, they found an 
association between lower mortality rates for AMI and a 
higher volume of patients. They also found evidence for 
lower mortality rates where there was the presence of a 
coronary care unit. No volume-outcome relationship was 
found for appendectomy. More significantly, the results 
found that overall medical staff participation in hospital­
level decision making was the most important factor 
associated with lower mortality rates, even more significant 
than volume. In addition, concentration of physician 
activity around one hospital, percentage of active staff 
physicians on contract, and presence of a director of 
medical education were also associated with better outcomes. 
Despite limitations with sample size, sample location, and 
limited control for patient severity, this study found 
overall hospital organization and decision-making processes 
to be important indicators of good quality along with higher 
volumes. 
In two companion studies, Flood et al. (1984a, 1984b) 
looked at the relation between hospital volume and outcomes 
for selected diagnostic categories (1984a) and the relation 
between volume, outcomes, and other hospital characteristics 
(1984b). In the former, the authors studied the effect of 
patient volume on mortality for 15 surgical procedures and 
two medical diagnoses. For most of the surgical procedures, 
high volume was associated with lower mortality, adjusting 
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for the risk of the patients from demographic and clinical 
information. The evidence for the medical diagnoses was 
mixed. In the latter study, they included hospital size, 
teaching status, and expenditures in the analysis to 
determine whether they masked the true relationship for 
volume and outcomes. They still found evidence to support 
the volume-outcome relationship for both medical and 
surgical patients; hospital size was the only added factor 
that was significantly related to outcome where greater size 
was associated with poorer outcome after accounting for 
volume. 
Additional studies continued to be published throughout 
the decade of the 1980s. Riley and Lubitz (1985) looked at 
surgical volume and mortality for eight surgical procedures 
using logistic regression. The regression included patient 
risk factors, hospital and demographic variables, and the 
log of volume. They found support for the inverse volume­
outcome relationship for four of the eight procedures. 
Maerki et al. (1986) found support for the relationship for 
13 of 15 diagnoses, while adjusting for differences in 
patient risk factors. The authors used hospital mortality 
rate as the outcome variable and the expected hospital death 
rate (calculated) , volume and volume-squared as the 
independent variables. 
found to be significant, 
higher volume hospitals. 
Both of these volume variables were 
indicating improved outcomes at 
Luft and Hunt (1986) regressed the 
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actual-minus-expected death rate against the log of volume, 
excluding any other variables in the equation, and concluded 
that low volume hospitals were more likely to have higher 
mortality rates than expected, while high volume hospitals 
were more likely to have lower mortality rates than 
expected. Wennberg and his colleagues (Wennberg, Roos, 
Sola, Schori, & Jaffe, 1987) studied the relationship for 
prostatectomy and found no significant relationship where 
the individual patient was the unit of analysis. The 
stepwise regression technique found only the patient level 
variables to be significant. Finally, Showstack et al. 
(1987) analyzed discharge abstracts for 18,986 CABG 
surgeries in 77 California hospitals in 1983 using multiple 
regression. After adjusting for case mix, high-volume 
hospitals were found to have lower in-hospital mortality and 
shorter lengths of stay. The effects were greatest for 
patients who had non-scheduled CABG surgery. 
Additional Factors That Influence Outcomes 
or the Volume-Outcome Relationship 
Patient characteristics, hospital organizational 
characteristics, and the hospital's environment have been 
found empirically to influence patient outcomes or the 
relationship between volume and outcomes. Nearly all of the 
volume-outcome studies since the early 1980s have 
incorporated various additional factors, especially patient 
characteristics, which are believed to influence patient 
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outcomes. It is important to incorporate a review of the 
literature on factors associated with hospital performance, 
particularly with quality of care, in order to begin to 
understand the complex interrelationships of variables that 
influence, or are influenced by, high volumes and better 
outcomes. 
Risk-Adjusting for Patient Factors 
The Health Care Financing Administration (HCFA) reports 
that the most frequently used outcome measure is death rate 
(Bowen & Roper, 1989). Hospital mortality rates have been 
used in this manner primarily because such data are readily 
available and easy to understand. Comparing hospitals' 
performance or quality using mortality rates must reflect 
actual differences in the quality of care and not patients' 
severity of illness at the time of admission. Many 
researchers have developed models of hospital performance 
which adjust a hospital's death rate for its patient mix 
(Blumberg, 1986; Blumberg, 1987; Chassin, Park, Lohr, 
Keesey, & Brook, 1989; Desharnais, McMahon, Wroblewski, & 
Hogan, 1990; Dubois, 1990; Dubois, Rogers, Moxley, Draper, 
& Brook, 1987; Iezzoni, Ash, Coffman, & Moskowitz, 1992; 
Iezzoni, Foley, Daley, Hughes, Fisher, & Heeren, 1992; Kahn 
et al., 1988; Krakauer et al., 1992; Rosen, 1987). The 
models typically account for differences in patients' 
demographic and diagnostic characteristics, but some extend 
the adjustment to include differences in the severity of 
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illness or comorbidity. If the mortality rate is to be a 
meaningful proxy for hospital quality of care, the patient's 
condition must be known and measured prior to assessing the 
delivery of the care while in the hospital. The primary 
purpose for the adjustment in most studies of hospital 
performance is to account for or statistically control for 
the differences in the mix of patients while attempting to 
determine the effect of the non-patient variables on 
performance. Non-patient variables include factors 
unrelated to clinical characteristics such as socioeconomic 
status, hospital characteristics, practice patterns, or 
organizational processes. 
A widely used method for risk adjustment in outcome 
studies has been referred to by some researchers as indirect 
standardization, and is explained thoroughly by Blumberg 
(1986). This method has been used extensively by 
researchers in volume-outcome studies as well as other 
studies of hospital quality and performance (DesHarnais, 
Chesney, Wroblewski, Fleming, & McMahon, 1988; DesHarnais 
et al., 1990; DesHarnais, McMahon, & Wroblewski, 1991; 
Flood & Scott, 1987; Flood et al., 1984a; Flood et al., 
1984b; Flood et al., 1982; Hartz, Gottlieb, Kuhn, & Rimm, 
1993; Kelly & Hellinger, 1986; Luft, 1980; Luft & Hunt, 
1986; Luft et al., 1987; Maerki et al., 1986). Risk 
adjustment requires an estimate of the expected outcome of 
the patients under study by regressing outcome on risk-
related attributes which are believed to affect outcome. 
The expected outcomes are then compared to the actual or 
observed outcomes. A risk-adjusted rate is computed by 
dividing the actual by the expected outcome (e.g., death 
rate) . This risk-adjusted rate is then used in analytic 
models that are developed to explain the effect of other 
variables on outcomes. 
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A possible limitation found in many of the volume­
outcome studies that attempt to risk-adjust mortality rates 
is the questionable ability of large, administrative data 
sets to provide adequate variables to adjust for patient 
severity. Most researchers exploring the volume-outcome 
relationship have used data containing only demographic and 
diagnostic information. At best, these are proxies for 
level of illness at the time of admission to the hospital. 
Four studies (Dubois, Brook, & Rogers, 1987; Green, 
Wintfeld, Sharkey, & Passman, 1990; Iezzoni, Ash, et al., 
1992; Jencks, Williams, & Kay, 1988) have found substantial 
evidence that hospitals with higher than expected mortality 
rates have significantly sicker patients. All of these 
studies have used a chart review type of instrument for 
collecting detailed clinical data on the patients. Detailed 
clinical data, while highly desirable, are not always 
available, however. Thus, one must consider the adequacy of 
demographic and diagnosis data. Krakauer et al. (1992) 
conducted a study specifically for that purpose. They 
44 
compared the effect of a risk-adjustment model using HCFA 
claims data to a risk-adjustment model based on physiologic 
and clinical data to explain variation in mortality rates 
for 42,773 Medicare patients in 84 hospitals. They found 
that models using claims data (principal and secondary 
diagnoses, age, race, sex, comorbidities, transfer status, 
date of death, and prior hospitalizations) were superior to 
models using only demographic characteristics in predicting 
the probability of death. Models which included additional 
clinical data resulted in further improvement. Perhaps more 
interesting was the fact that the correlation of hospitals' 
expected mortality rates based on claims data and expected 
mortality rates based on clinical data was 0.91. In 
addition, the two mortality models gave similar results when 
used to determine which structural characteristics of 
hospitals were related to mortality rates: higher 
proportion of registered nurses, higher proportion of board 
certified physician specialists, and high technology 
equipment. Thus, the authors concluded that a claims-based 
risk adjustment procedure may be used satisfactorily. 
Rosen, Geraci, Ash, McNiff, & Moskowitz (1992) used 
clinical data from abstracted patients' charts for 8,126 
Medicare patients for postoperative adverse events for four 
surgical procedures. While clinical data was a valid 
predictor of postoperative complications, severity 
adjustment at the time of admission only modestly predicted 
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their occurrence. Adverse events were strongly associated 
with demographics as well as clinical problems at admission. 
These results are consistent with Brook, Park, Chassin, & 
Kosecoff (1990); Daley, Jencks, Draper, Lenhart, Thomas, & 
Walker (1988); and Luft, Garnick, Mark, Peltzman, et al. 
(1990) who found that most of the variance in adverse 
patient outcomes cannot be explained by severity of illness. 
Hannan, Kilburn, Lindsey, & Lewis (1992) compared a 
prospective clinical data base to an administrative (claims) 
data base of the same patients to predict in-hospital 
mortality from CABG surgery in New York state. The results 
indicated that the clinical data base was better at 
predicting case-specific mortality; however, the 
correlation between the risk-adjusted mortality rates using 
both data bases was quite high at 0.75 to 0.80. Three very 
specific clinical risk factors (ejection fraction, re­
operation, and more than 90% narrowing of the left main 
trunk) in the clinical data base accounted for nearly all of 
the difference in predictive power of the two data bases. 
In summary, it appears that administrative data are capable 
of providing adequate information for risk adjustment and 
predicting case-specific mortality rates. 
Hospital and Environmental Factors That Affect Outcomes 
It is generally understood that hospitals differ in the 
types of patients they treat, in the ways they are 
organized, the characteristics of their staff and 
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facilities, the activities that go on between providers and 
patients, and the interactions with their environments. It 
is not surprising then, that quality of care differs from 
one hospital to the next. Many researchers have attempted 
to address which organizational aspects and other 
environmental or contextual factors relate to the quality of 
care. The literature in this area is quite extensive; 
therefore, only those hospital and environmental factors 
that are believed to affect the volume-outcome relationship 
will be reviewed here. 
Structure, Process and Outcomes 
Donabedian's (1966) classic categorization of 
structure-process-outcomes indicators for quality of care 
provides a useful framework for organizing the empirical 
findings herein. Structure refers to the relatively stable 
characteristics of the hospital and the organizational 
setting in which health care is provided. For example, 
affiliation with a medical school, for-profit or not-for­
profit ownership, and membership in a multi-hospital system 
are considered to be structural indicators. Structure can 
also be defined in terms of organization specialization 
(i.e., the number of specialized units in the hospital, 
medical technology available, and qualifications of the 
providers), organization complexity (i.e., the number of 
different types of facilities and services available), and 
organizational communication and coordination systems. 
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Process refers to the work activities that go on between 
provider and patient and the production of services for the 
patients. For the purpose of this study, process can be 
considered simply as what is done to patients and how. 
Process can be measured in terms of the number and type of 
services given to patients, and the resources used in 
providing the care. Outcome is the change in a patient's 
health status that is a result of the care received. The 
relationship between structure, process, and outcome is 
believed to be a unidirectional one where structure 
influences process, which in turn influences outcome. It is 
this relationship, rather than each component alone, that is 
presumed to affect quality. 
Several salient review articles (Fink, Yano, & Brook, 
1989; Kelly, 1990; Palmer & Reilly, 1979; Scott & Flood, 
1984) have been published that provide a basis upon which to 
organize the remaining literature on the topic of hospital 
factors associated with quality of care. 
Fink et al. (1989) published a review article that 
looked at the literature on differences in hospital 
mortality. The twenty-two studies they reviewed revealed 
several hospital characteristics which are often associated 
with good patient outcomes: volume of procedures performed, 
size, coordination and communication among staff, clinical 
experience, board certification, and teaching status. Fink 
et al. also evaluated the articles for their methodological 
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validity. Although the studies varied considerably across 
the validity measures, most included uniform data 
collection, geographic dispersion, substantial sample size, 
more than one year's data, and patient risk adjustment. 
Kelly (1990) reported on a few studies that used risk­
adjusted patient mortality rates to measure hospital 
performance. She found volume of similar patients, teaching 
status, and ownership to be associated with lower mortality 
rates; however, not all of the studies she reviewed, and 
there were fewer than 10, were consistent with the general 
direction of the results. 
Scott and Flood (1984) published an extensive review 
article on the costs and quality of care. In this article 
they included a review of hospital factors that affect 
quality of care. Although the authors found that most 
studies differed in the number and type of hospital studied, 
organizational factors examined, and methods for assessing 
quality, they also reported some convergence in the research 
findings. The following characteristics were generally 
found to be associated with better quality: teaching 
status, staff qualifications, medical staff organization, 
coordination systems, managerial efficiency, and membership 
in multi-hospital systems. 
Palmer and Reilly (1979) conducted an early review of 
the literature that studied individual and institutional 
variables that served as indicators of quality of care. 
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Most of the empirical literature at the time of their review 
did not employ the sophisticated analytical methods that are 
found in more recent research on the topic, particularly 
with regard to risk adjustment for patient severity. The 
review article is useful, however, because it identified 
many key characteristics which were to show up time and 
again in later studies of quality performance in hospitals. 
The institutional variables which consistently emerged as 
most favorable to quality care were: teaching status; 
large size; high volume; ownership (inconclusive); 
structured, specialized and contractual medical staff; 
numerous and specialized ancillary and support services; 
and organization characteristics such as coordination and 
differentiation. 
In summary of the review articles, the structural 
correlates of high quality that tend to be most prevalent in 
the literature are volume, size, teaching status, 
specialization (board certification and higher proportion of 
registered nurses), some structure within the medical staff 
organization (especially when it facilitates communication), 
and membership in multi-hospital systems. The evidence on 
type of ownership, for-profit versus not-for-profit, tends 
to be inconclusive; either there are no significant 
differences, or the results of the various studies are 
inconsistent. Other structural correlates are coordination, 
communication, and higher proportion of medical staff on 
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contract. The remaining correlates of quality relate to the 
process of providing care to the patients. These are 
clinical experience and managerial or production efficiency. 
Unfortunately, no single study includes all the salient 
variables; therefore, the interrelationships among them 
cannot be discerned. 
Structural correlates of quality. Recall that the 
structure of the hospital is the set of stable 
characteristics that define the way the organization works. 
It is the setting or context of the hospital. Size, 
ownership, system membership, medical school affiliation, 
differentiation, specialization, technical competence, 
coordination, communication, and financial viability all 
represent aspects of the hospital's organization structure. 
1. Size 
DesHarnais et al. (1991) developed multiple risk-
adjusted measures of hospital outcome: inpatient mortality, 
unscheduled readmissions, and complications. These were 
adjusted for patient risk factors using the method of risk 
adjustment proposed by Blumberg (1986). Using a logistic 
model to calculate the risk of death (as well as 
readmissions and complications), the authors evaluated the 
bias in the model by incorporating hospital characteristics, 
such as teaching status, ownership, range of services, HCFA 
waiver status, and bed size as independent variables in a 
multiple regression equation. Bed size was one of only two 
significant variables associated with the risk-adjusted 
mortality rate. The other was HCFA waiver status. 
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Flood et al. (1984b) studied the impact of volume 
alone and size alone on deaths of 270,000 surgical patients 
in 1200 hospitals. They also looked at the impact of size 
and volume, conditional upon each other. Three regression 
equations were specified as: (a) death (y) as a function of 
the patient's probability of dying (x1) and volume (x2); 
(b) death (y) as a function of the patient's probability of 
dying (x1) and size (x3); and (c) death (y) as a function 
of the patient's probability of dying (x1), volume (x2), and 
size (x3) • The probability of dying (x1) was determined 
independently using a logistic regression equation that 
predicted death on the basis of age, stage of disease, and 
type of procedure. 
In regression equation (a) , where volume was the only 
hospital structural characteristic, the findings revealed a 
significant negative relationship between volume and death, 
where volume significantly reduced the likelihood of death 
even after controlling for the patient's probability of 
dying. In the second regression equation (b), where 
hospital size was the only organizational variable included, 
the relationship between size and death was negative 
although not significant. The third regression equation 
(c), which included both volume and size, found both 
variables to be significant, and volume significantly 
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reduced the probability of death even when size and the 
patient's probability of dying were accounted for. Size, on 
the other hand, was significantly related to an increased 
probability of death when volume and the patient's 
probability of dying were taken into account. In each 
regression, the largest standardized beta coefficient was 
for variable x1, the patient's probability of dying. 
While high volumes of patients are clearly associated 
with lower mortality rates, it is not clear from the results 
of the research by Flood et al. (1984b) what the true causal 
relationship between volume, size, and mortality might be. 
The conversion of the relationship between size and 
mortality from negative to positive when volume is 
introduced into the model indicates that volume is possibly 
a distorter variable which converts the negative and 
insignificant relationship between size and mortality to a 
significant, positive one. 
It is possible that the model used by Flood et al. 
(1984b) is specified incorrectly. For example, the true 
effect of size on mortality may include an indirect effect 
through volume. Thus, when volume is an omitted variable in 
the size-only equation, it is not surprising that the 
coefficient between size and mortality is confounded with 
the effect of volume on mortality, which is of greater 
magnitude and opposite sign, so that the size-mortality 
relationship is rendered insignificant. Alternatively, the 
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true relationship may be that size has no direct effect on 
mortality, but size and mortality both depend on volume. In 
this case, the significant, positive coefficient between 
size and mortality represents a spurious relationship in the 
incorrectly specified model used by the investigators. 
Georgopoulos (1986) studied the effect of organization 
structure and effectiveness in 30 hospital emergency 
departments and their parent hospitals. Effectiveness was 
represented by economic efficiency (measured by lower costs) 
and by clinical efficiency (measured by nursing quality and 
medical, i.e., physician, quality). In his first analysis, 
zero-order correlations showed that the greater the patient 
volume, the higher the level of economic efficiency. This 
relationship was unaffected when partialling out the effect 
of hospital size. Conversely, hospital size and economic 
efficiency revealed no direct relationship. In the second 
analysis involving clinical efficiency, volume correlated 
significantly with quality of nursing care, but not with 
quality of medical care. Georgopoulos speculated from these 
results that high volumes of patients provided nursing staff 
with valuable clinical experience, but did not provide 
similar benefits to doctors. However, when partialling out 
the effect of hospital size, the relationship of volume to 
quality nursing care became insignificant. In contrast, the 
results for hospital size and clinical efficiency were 
unequivocal: size was correlated positively and 
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significantly with both components of clinical efficiency, 
the quality of nursing care, and the quality of medical 
care. This effect remained even after partialling out the 
effect of volume. Thus hospital size and volume appeared to 
have complementary effects: size affected clinical outcomes 
but not economic ones, even when controlling for volume, 
while volume affected only economic efficiency while 
controlling for size. Size, therefore, seemed to be the 
predominant determinant of quality in Georgopoulos' study. 
Georgopoulos analyzed further the effects of structure 
on effectiveness by performing two regression analyses, 
where hospital size, emergency department volume, breadth of 
emergency services, teaching affiliation, and number of 
training programs were included as independent variables. 
Size and volume were assumed not to exhibit problems of 
multicollinearity because of the results of the earlier 
findings where each behaved differently in relation to the 
different indices of effectiveness. Regression results 
showed that for quality of medical care (the outcome measure 
most relevant to this discussion) , the independent variables 
provided an R2 of .45, with patient volume and breadth of 
emergency services being the predominant predictors of 
effectiveness. Therefore, both volume and breadth of 
services, an indicator of size, were significant predictors 
of quality. 
Shortell and LoGerfo (1981) and Hughes et al. (1988) 
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found bed size to be a significant variable associated with 
better outcomes in regression equations evaluating mortality 
rates of specific surgical procedures. Keeler et al. (1992) 
also found this relationship, but discovered it using a 
different methodology. Keeler et al. used a recursive 
partitioning algorithm, called Treetools, to determine which 
hospital characteristics were significantly associated with 
risk-adj usted mortality rates and with empirically derived 
and validated process-of-care measures. Keeler et al. found 
bed size of less than 100 beds to be associated with higher 
mortality rates and worse process measures. 
In his early study of volume and outcomes, Luft (1980) 
used regression to look at the role of hospital 
organizational variables and environmental factors, in 
addition to volume, on the mortality rate for 12 different 
surgical procedures in 1500 hospitals. These additional 
variables were size, teaching status, geographic location, 
and expenditures. For each of the 12 regressions, the size 
variable was significant only for two procedures: open 
heart surgery and vascular surgery. In both cases, size was 
significant and positive, indicating that larger hospitals 
had higher mortality rates, controlling for other factors, 
including volume. 
Generally, one can conclude from these findings that a 
larger hospital, in terms of the number of beds available, 
is associated with better patient outcomes, all other 
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factors being constant. This relationship is not true in 
all studies, however. Before one can generalize from these 
results, one must evaluate the methodological integrity of 
each study. Scrutiny is required when there are unexpected 
findings or spurious relationships. 
2. Ownership and system membership 
Investor-owned, for-profit health care organizations 
have stimulated much research interest as publicly traded 
health care organizations that own multiple facilities have 
proliferated during the past two decades. The Institute of 
Medicine (IOM) undertook a sizeable study (Institute of 
Medicine, 1986) to attempt to understand the impact of 
investor-owned organizations in the provision of health 
care. The IOM investigated, among many issues, the concern 
and speculation about for-profit health care and quality. 
The report stated that evidence regarding hospital 
ownership and quality of care is fragmented and 
inconclusive; however, the IOM study committee had limited 
access only to studies of quality using structure and 
process measures such as accreditation, board certification 
rates, and perceptions of care by physicians. Outcome 
measures of quality were examined by evaluating the 
relationship between post-operative mortality rates and 
investor ownership. The IOM report concluded that most 
available measures, although rudimentary, showed that 
investor-owned hospitals were similar in quality to not-for-
profit hospitals, and some measures showed that they were 
better. 
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Other studies revealed mixed results. Gaumer (1986) 
examined the relationship between mortality rates for 
several selected surgical procedures and ownership status 
for a random sample of hospitals over the 1970-1979 period. 
Patient severity was adj usted by using the HCFA case mix 
index. Results indicated that post-operative mortality 
rates were generally lower in for-profit hospitals 
controlling for other hospital organizational factors. The 
influence of membership in a multihospital system did not 
have significant association with quality. Al-Haider and 
Wan (1991) examined the effects of six organizational 
variables on the HCFA hospital mortality rate in a 
structural equation model using LISREL. A statistically 
significant relationship was found between ownership and 
mortality rate where a higher mortality rate was found in 
for-profit hospitals. In contrast, Hughes et al. (1988), in 
their study of hospital volume and outcomes for hip fracture 
patients, found public ownership of hospitals to be 
significantly associated with worse outcomes, all else being 
equal. In a study looking at the effects of regulation, 
competition and ownership on mortality rates of hospital 
inpatients, Shortell and Hughes (1988) did not find any 
significant association between type of hospital ownership 
and mortality. 
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Hartz et al. (1989) tested the association of 
particular characteristics of hospitals with the severity 
adjusted mortality rate. A stepwise regression analysis 
revealed that higher overall mortality rates were associated 
with osteopathic, public, and private not-for-profit 
hospitals, although the training of the medical staff was 
more closely associated with adjusted mortality rates. 
Private teaching hospitals had significantly lower mortality 
rates than other types of hospitals. These results differed 
from Shortell and Hughes (1988) and Gaumer (1986) because 
those researchers used mortality rates for selected 
conditions rather than overall mortality rates. 
Kuhn et al. (1991) and Hartz et al. (1993) looked at 
the relationship of hospital characteristics and the results 
of peer review problem rates in six states using the same 
data as in Hartz et al. (1989). Not surprisingly, a 
multivariate regression analysis revealed that public 
hospitals had significantly higher problem rates than 
private not-for-profit hospitals after adjustment for other 
significant variables. 
The objective of the research by Keeler et al. (1992) 
was to compare quality of care measured by clinically 
derived implicit and explicit process criteria and risk­
adjusted mortality rates at different types of hospitals. 
Using a recursive partitioning algorithm to construct 
hospital quality regression trees for 297 hospitals for 
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14,000 patients with one of five specific conditions, the 
authors found private not-for-profit hospitals to have 
better quality process indicators, but no significant 
differences with respect to mortality. These results 
generally concur with those of Hartz et al. (1989) who also 
found mortality to be higher in public hospitals. 
In summary, public hospitals tend to have lower quality 
in terms of higher mortality rates and higher peer review 
problem rates. Results are mixed for private for-profit 
hospitals, but more support was provided in favor of higher 
mortality in these hospitals when compared to private not­
for-profit hospitals. 
System affiliated hospitals have been analyzed more 
often with respect to financial performance, cost, 
efficiency, and productivity than to patient outcomes 
(Levitz & Brooke, 1985; Sear, 1991; Wan, Gurnick, & 
Spotswood, 1992; Watt, Derzon, Renn, Schramm, Hahn, & 
Pillari, 1986). Generally, hospitals in multihospital 
systems are more profitable, have better access to capital, 
have more aggressive pricing strategies, have higher costs, 
and have less productive use of plant and equipment. These 
findings have implications for how the care is delivered in 
the system affiliated hospital, which in turn, affects 
patient outcomes. 
3. Teaching status 
Many studies on hospital quality incorporated teaching 
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status as a control variable when analyzing other correlates 
of quality of care (Al-Haider & Wan, 1991; DesHarnais et 
al., 1991; Farley & Ozminkowski, 1992; Flood et al., 1982; 
Flood et al., 1984b; Hannan et al., 1989; Hughes et al., 
1988; Kelly, 1990; Kelly & Hellinger, 1986; Kelly & 
Hellinger, 1987; Luft, 1980; Luft, Garnick, Mark, & 
McPhee, 1990; Luft et al., 1987; Shortell & LoGerfo, 1981; 
Wan et al., 1992). The majority of these studies found 
teaching hospitals to be associated with better quality of 
care when the influence of other factors was taken into 
account. A few additional studies specifically analyzed the 
effects of care received in a teaching hospital rather than 
just incorporating the effects of teaching as a control 
variable. Hartz et al. (1989) found that teaching hospitals 
had a significant, independent association with lower 
severity-adjusted mortality rates. The authors pointed out 
the importance of this finding in light of the fact that 
teaching hospitals are known to treat more severely ill 
patients, which was taken into account in this study. Kuhn 
et al. (1991) also found teaching hospitals to provide 
better quality care as demonstrated by lower peer review 
problem rates. Finally, Keeler et al. (1992) compared the 
quality of care of different types of hospitals by using a 
clinically detailed assessment of two measures of the 
process of care as well as a risk-adjusted mortality rate 
for each of the 297 hospitals studied. The authors measured 
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teaching status in terms of the ratio of interns and 
residents to beds, where a hospital with a ratio of 0.27 or 
greater was considered to be a major teaching hospital. 
Less than 0.27, but greater than zero, was classified as a 
limited teaching facility. All others were considered non­
teaching. Whereas major teaching hospitals had 
significantly sicker patients, the regression tree from the 
recursive partitioning algorithm used in the analysis showed 
large differences in all three measures of quality due to 
teaching status and amount of teaching. The results 
indicated that hospitals doing a limited amount of teaching 
had average quality, and the hospitals doing more teaching 
had considerably better quality. 
4. Specialization and technical competence 
The quality of care in the hospital varies by the 
degree of training, clinical skill and expertise of the 
individuals providing the care, the extent of 
specialization, and the relative availability and use of 
medical technology. All of these factors have been shown 
empirically to be associated with higher quality of care. 
Many researchers found a higher proportion of registered 
nurses and a higher proportion of board certified physicians 
to be positively associated with better quality (Farley & 
Ozminkowski, 1992; Flood et al., 1979; Flood et al., 1982; 
Hartz et al., 1989; Kuhn et al., 1991; Silber et al., 
1992). Most notably, the regression analysis performed by 
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Hartz et al. (1989) led the authors to conclude that "the 
hospital characteristics most closely associated with the 
adjusted mortality rate were related to the training of the 
medical staff" (p. 1723). Similarly, Silber et al. (1992) 
found a higher proportion of relatively inexperienced 
physicians in training (surgical house staff) to be 
associated with worse patient outcomes. The availability of 
specialized facilities and specialized medical personnel 
appeared to be associated with better outcomes as well. 
Shortell and LoGerfo (1981) found the presence of a coronary 
care unit (CCU) to be associated with lower mortality rates 
for patients with acute myocardial infarction, even after 
controlling for size, volume, and related variables in a 
regression equation. Standardized regression coefficients 
suggested that both the presence of a CCU and volume were 
about equally important in their association with mortality 
rates. For hip fracture patients, Hughes et al. (1988) 
found that the 24-hour availability of an emergency 
anesthesiologist was related to better outcomes, all other 
factors taken into account. 
High-technology hospitals tend to be associated with 
better patient outcomes, controlling for other factors. 
Silber et al. (1992) incorporated a technology variable in 
their multiple logistic regression models for relative risks 
for mortality, adverse occurrences (complications), and 
death after an adverse occurrence, which the authors 
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referred to as "failure to rescue." The authors examined 
these risks for nearly 6,000 Medicare patients in 531 
hospitals from seven states undergoing elective 
cholecystectomy and prostatectomy. The technology variable 
was constructed from work done by Klastorin and Watts 
(1982), who found that hospitals tend to increase their 
facilities and services in a predictable pattern, whereby 
specific services and facilities indicate that the hospital 
is likely to have other key facilities. Silber et al. 
designated as high-technology hospitals those that performed 
organ transplantation, open heart surgery, and had a burn 
unit. Their regression results indicated that a high­
technology hospital was associated with a significantly 
reduced relative risk of death. 
Technological sophistication was a significant factor 
in the studies by Hartz et al. (1989) and Kuhn et al. 
(1991). Both studies used a technology index based on the 
total number of the following items possessed by a hospital: 
a cardiac catheterization laboratory, an extracorporeal 
lithotripter, a magnetic resonance imaging facility, an open 
heart surgery facility, and organ transplantation 
capability. Both studies used the same multivariate model, 
but different data and different outcome measures for the 
dependent variable (death rate for one and PRO problem rate 
for the other) . The results in both studies were consistent 
in their results, and both found that technological 
sophistication was significant in the multiple regression, 
indicating that technology was associated with lower rates 
of problems found by peer review organizations and lower 
severity-adjusted mortality rates. 
5. Coordination, communication, differentiation, and 
management practices 
Scott et al. (1979) conducted a study to look at the 
effects of organizational control, coordination, and power 
on the quality of care in the hospital. Zero-order 
correlations between hospital factors and in-hospital 
mortality, adjusted for patient characteristics, were 
significant for 1) administrative influence in the 
administrator's own domain, 2) supervisory coordination 
measures, 3) surgeons' experience, and 4) proportion of 
contract physicians. The results of a multiple regression 
analysis revealed just two significant factors for higher 
mortality rates: higher average years of practice for 
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surgeons and greater administrator's influence. The authors 
concluded that a higher average number of years in practice 
for physicians was associated with more lax control and 
coordination arrangements. Likewise, the indicator of 
administrative influence was based on a question assessing 
the relative power of administrators to influence decisions, 
and was determined to be related to larger complexes of 
coordination and control. 
Several years later, Flood et al. (1982) examined 
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several types of structural variables in accounting for 
differences in effectiveness in hospitals. The primary 
variables in the study were power (measured by the 
strictness of admission for new surgical staff), 
differentiation (number of surgical specialties), 
coordination (proportion of medical staff who were contract 
physicians), staff qualifications (number of board certified 
physicians), and commitment (questionnaire data). An 
analysis of variance (ANOVA) in adjusted surgical outcomes 
was based on patients in 15 hospitals for selected surgical 
procedures. Only two of the structural measures of quality 
were significant: proportion of contract physicians and 
number of surgical specialties. The higher the level of 
coordination, as reflected in the proportion of contract 
physicians, and the higher number of specialties, the better 
the quality of care. Thus, higher levels of coordination 
and differentiation were found to relate to better quality 
of surgical care. 
Shortell and LoGerfo (1981) examined the relationships 
among hospital structural characteristics, individual 
physician characteristics, and medical staff organization 
characteristics for quality of care for acute myocardial 
infarction (AMI) and appendicitis. Using data from nearly 
60,000 cases in 96 hospitals, the authors' regression 
results indicated that hospital decision-making structure 
and better communication and coordination led to better 
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quality of care. For AMI, medical staff participation in 
hospital decision-making was the single most important 
variable associated with lower standardized mortality 
ratios, more significant than volume or degree of 
specialization. Higher quality for appendicitis was found 
to be related to frequency of medical staff meetings, 
concentration of physician activity at one hospital, percent 
of active physicians on contract, and presence of a director 
of medical education. Thus, better communication, decision­
making, and coordination activities were most strongly 
associated with the quality of care provided. 
Finally, Flood and Scott (1987) examined hospital 
structure and performance, citing several empirical studies 
which supported their hypotheses regarding differentiation, 
coordination, and organization effectiveness. They cited 
the classic study by Georgopoulos and Mann (1962) in which 
coordination activities in ten hospitals were found to be 
associated with high quality nursing care and with overall 
hospital care. Flood and Scott (1987) also reported on 
research by Longest (1974), Shortell, Becker, & Neuhauser 
(1976), Neuhauser (1971), and Rhee (1977) which supported 
the notion that coordination among physicians and 
coordination between nursing and support departments were 
all conducive to higher quality in hospitals. Flood and 
Scott (1987) concluded with the proposition that 
differentiation and coordination were related where 
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differentiation is believed to be an organization's response 
to complexity of work; the higher the level of 
differentiation, the more effort needs to be devoted to 
coordination. 
6. Financial viability 
Among the hospital characteristics studied by Hartz et 
al. (1989) and Kuhn et al. (1991) as predictors of lower 
mortality rates, financial status was included. Financial 
status was measured by occupancy rate and payroll expenses 
per hospital bed. The investigators in both studies 
postulated that occupancy rate was an indicator of the 
hospital's well-being at a time when many hospitals' census 
counts were down. Payroll expenses per bed were considered 
to be indicative of the hospital's economic well-being in 
addition to its ability to maintain an adequate and 
qualified staff. In the study by Hartz et al. (1989), the 
mean mortality rate, adjusted for severity of illness, was 
evaluated for hospitals falling into the lowest and highest 
quartiles for mortality. The characteristics most strongly 
associated with the lowest quartile of mortality rates were 
a higher percentage of board certified physicians, a higher 
occupancy rate, higher payroll expenses per bed, teaching 
hospitals, private not-for-profit hospitals, greater 
percentage of registered nurses, higher level of 
technological sophistication, and larger size. Of the two 
financial status indicators, occupancy rate was the only one 
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that was significant in the multiple regression equation. 
When the dependent variable was measured as the PRO problem 
rate for a hospital, as was presented in the study by Kuhn 
et al. (1991), both higher occupancy and higher payroll 
expenses were significantly associated with lower problem 
rates in the regression analysis, adjusted for severity. 
Both studies pointed out, however, that the financial status 
indicators were confounded with other hospital 
characteristics, such as more highly trained medical 
personnel, size, or volume. Therefore, the financial status 
indicators they used may have had a more indirect 
relationship to quality or have been proxies for other 
hospital characteristics. 
The study of 85 hospitals using a covariance structure 
modeling technique by Wan et al. (1992) revealed that almost 
13% of the total variation in adverse outcomes in hospitals 
was accounted for by four predictor variables: 
inefficiency, market share, financial viability, and 
teaching status. But the effect of financial viability (net 
profit) was not significant even though the results were in 
the expected direction: the higher the level of financial 
viability a hospital achieves, the lower the rates of 
adverse outcomes. Notably, financial viability as an 
endogenous variable was positively and significantly 
associated with a higher number of high technology services, 
case-mix index, and for-profit ownership. Financial 
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viability was negatively associated with larger metropolitan 
area size and membership in a multihospital system. 
Shortell and Hughes (1988) were also interested in 
whether hospitals in financial distress would be likely to 
have higher mortality rates, but they found no significant 
relation between profit margins, occupancy rates, and 
mortality rates. 
While it appears that a hospital's financial viability 
has limited capacity to predict its quality of care, 
financial viability has demonstrated enough evidence of 
having an indirect relation to patient outcomes through 
other structural correlates of quality. This may perhaps 
justify its inclusion in this study on the volume-outcome 
relationship. 
Process correlates of quality. Process of care is 
defined as the mode of treatment, i.e., what is done to 
patients, how it is done, by whom, and what resources are 
used. In particular, process of care refers to the types of 
services provided and the amounts of each service. 
Typically, factors such as service intensity and length of 
stay are considered to be measures of the care process. 
Process of care is also indicated by the overall production 
or technical efficiency of the hospital. Simply stated, 
production or technical efficiency means the rate and 
process of transforming, with a minimum level of resources, 
"sick patient" inputs into discharged, "well patient" 
70 
outputs. 
Several researchers have focused on the services 
received by patients in the hospital, the resources used in 
providing those services, and their relationship to patient 
outcomes, i.e., do hospitals which provide more services to 
patients achieve better outcomes? Flood et al. (1979) 
attempted to answer this question by analyzing the 
relationship between intensity and duration of services and 
outcomes for patients in the hospital. Data on the amount 
and mix of services was obtained from abstracted medical 
records of 600,000 patients in 17 hospitals. Outcome was 
measured by in-hospital mortality. All measures were 
standardized to take into account patient condition. The 
results of an analysis of variance (ANOVA) supported the 
authors' expectation that hospitals providing higher than 
expected levels of specific services to their patients also 
had better outcomes than expected. For length of stay, the 
hospitals that kept their patients longer had worse outcomes 
than expected; however, when the regional variation was 
accounted for, there was no longer any significant 
relationship between length of stay and outcomes, although 
the relationship of service intensity to outcomes was 
consistent. 
Scott et al. (1979), in a related study using the same 
data, focused on a set of hospital structural 
characteristics as predictors of service intensity, length 
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of stay, expenditures, and mortality outcomes. The 
interrelationships among these variables were significant 
where service intensity and length of stay had a negative 
correlation, meaning that hospitals providing more services 
to patients tended to have shorter lengths of stay. Longer 
length of stay was negatively associated with average costs 
per patient, but service intensity showed no association 
with costs. Most important, service intensity was 
significantly related to lower mortality rates while longer 
length of stay was related to higher mortality rates. 
Others (Al-Haider & Wan, 1991; Shortell & Hughes, 
1988; Wan, 1992) found evidence which supported the 
relationship between longer lengths of stay, service 
intensity, and worse patient outcomes. Al-Haider and Wan 
(1991) combined average length of stay and two measures of 
service intensity into one theoretical construct in their 
analysis of a structural equation model for the determinants 
of hospital mortality. Using data from 243 hospitals from 
HCFA's list of hospitals with higher or lower than average 
mortality rates, the causal linkages between the endogenous 
variable, mortality rate, and the exogenous constructs of 
size, service intensity, specialization, teaching status, 
and ownership were analyzed using linear structural equation 
modeling with LISREL. The theoretical construct represented 
by the latent variable called service intensity was measured 
by three observable variables: registered nurse ratio, 
72 
average length of stay, and hospital's occupancy rate. All 
three showed significant correlation with the construct of 
service intensity. Service intensity was found to be 
positively related to hospital mortality, indicating that 
the greater the service intensity the higher the mortality 
rate. This result is inconsistent with the earlier research 
of Flood et al. (1979) and Scott et al. (1979), but it is 
important to realize that the early research was limited to 
associations of variables, whereas Al-Haider and Wan (1991) 
demonstrated a causal relationship using structural equation 
modeling. 
Hospital expenditures for patient care are considered 
to be a measure of resource consumption. Expenditures 
directly and indirectly reflect what is provided to, or 
consumed by, patients. Expenditures for new facilities, 
services, and technologies create an imperative for their 
use on patients. However, merely the availability of more 
and better resources does not guarantee improvements in 
patient outcomes. In fact, the large body of empirical 
research on the cost and quality relationship is 
inconclusive. Fleming (1990) and Scott and Flood (1984) 
present an extensive review of these studies where the 
results are mixed: additional expenditures may lower 
quality, improve quality, or leave it unchanged. 
Donabedian, Wheeler and Wyszewianski (1982) provide a useful 
framework to help explain the inconsistencies in the 
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empirical literature: improvements in quality are affected 
not only by the resources available, but also by the 
clinical strategies of care. Improvements in quality are 
attained if resources are judiciously chosen, appropriately 
sequenced, and skillfully executed. This is described as 
clinical efficiency. There is also another kind of 
efficiency, referred to as production efficiency, which 
pertains to the way in which services are produced. 
According to Donabedian et al., improvements in production 
efficiency allow the hospital to achieve current levels of 
quality at a lower cost, but to improve quality requires a 
change in clinical efficiency. Both clinical efficiency and 
production efficiency define the care process in the 
hospital. 
A good example of clinical efficiency and quality of 
care is found in the study by Keeler et al. (1992) which 
compared quality of care measured by clinically detailed, 
explicit, and implicit process criteria and risk-adjusted 
mortality rates at different types of hospitals. Explicit 
process measures were created based on literature reviews 
and expert clinical opinions. The measures were grouped 
into Likert scales and tested for validity. Five process 
scales (physician cognitive diagnostic, nurse cognitive 
diagnostic, technical diagnostic, technical therapeutic, and 
monitoring with the intensive care unit or telemetry) were 
combined to create an overall explicit process scale. 
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Implicit process was measured based on an implicit overall 
quality scale from data obtained from medical records 
reviews by trained physician reviewers. For the 297 
hospitals analyzed using a recursive partitioning algorithm 
to construct hospital quality regression trees, above 
average explicit process was associated with above-average 
implicit process and lower mortality than expected, and 
below-average process with higher mortality than expected. 
The authors stated that their most striking result was the 
consistency of the two measures of process and quality 
across hospital categories such as size, ownership, teaching 
status, and urban/rural. 
Two studies (Wan, 1992; Wan et al., 1992) found a 
significant association between technical or production 
efficiency and adverse patient outcomes. Wan (1992) 
demonstrated the structural relationship between technical 
efficiency, average length of stay, and adverse outcomes. 
Technical efficiency was measured by a composite index of 
multiple inputs and outputs generated from a linear 
programming technique called Data Envelopment Analysis. The 
latent variable, adverse outcomes, was specified as an 
unobserved theoretical construct represented by five 
observed indicators: in-hospital trauma rate, rate of 
discharges with unstable medical conditions, number of 
treatment or medication problems, patients with unexpected 
return to the operating room, and number of unexpected 
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deaths. Adverse outcomes were regressed on 13 predictor 
variables, but only average length of stay and technical 
efficiency were significant in the model where 39.8% of the 
variance was explained. Technical efficiency was negatively 
associated with adverse outcomes, interpreted as the higher 
the degree of technical efficiency, the lower the level of 
adverse outcomes. Conversely, the findings for average 
length of stay revealed that the longer the length of stay, 
the higher the level of adverse outcomes. Wan et al. (1992) 
used the same sources of data as Wan (1992), but employed a 
different specification of a structural equation model for 
hospital performance. Their analysis revealed a significant 
positive association between the latent constructs 
inefficiency and adverse outcomes. The inefficiency 
construct was indicated strongly by cost efficiency, 
technical efficiency, and average length of stay. 
Summary. The performance of a hospital, based on its 
patient outcomes, is j udged by more than just the 
independent evaluation of its structure or process 
correlates of quality. Quality is determined by the 
relationships and interactions of structure and process 
factors, as implied by most of the results of the research 
reported above. The process of care is influenced by the 
structural characteristics of technical competence and 
specialized training of the individuals providing the care. 
Highly specialized and experienced individual providers of 
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care may have more knowledge and skills for influencing the 
way in which the care is given to the patients. At the 
organization level, the process of providing care to 
patients varies by the availability of high technology 
equipment and specialty units. A highly technical and 
specialized hospital may create an imperative for more 
services to be provided and more resources consumed. The 
benefits of specialized knowledge and technology may be 
offset by their inefficient use. 
Environmental or Contextual Factors 
The environment in which a hospital operates has a 
strong and pervasive impact on the quality of care it 
provides in terms of the type of patients it treats, the 
community resources available, the extent of regulation and 
competition, and other unexplained regional differences. 
Yet much of the research on hospital performance, 
particularly regarding patient outcomes and quality, does 
not incorporate pertinent environmental factors that may 
influence the results of analytical studies. In the few 
cases where environmental factors have been incorporated 
into analytical models, they have been specified as control 
variables in order to examine the magnitude of the effect of 
the study variables of interest for their impact on chosen 
outcome measures. For example, the percentage of a county's 
population that was black was included in the model of 
Hughes et al. (1988) that analyzed hospital volume and 
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mortality for hip fracture patients. The significance of 
this variable was not fully explained; however, it was 
presumed to be a proxy for lack of insurance, poverty, lack 
of education, and, as a result, indicative of how blacks 
delay treatment until their conditions are more serious. 
Because the variable was related positively to poor 
outcomes, hospitals that had a higher percentage of blacks 
had higher mortality rates, other factors held constant. 
Hughes et al. also found geographic region of the country to 
be significant for explaining differences in mortality rates 
and average length of stay. 
DesHarnais et al. (1991) found region to be significant 
for risk-adjusted complications in the hospital. Similarly, 
significant rural/urban differences in hospital outcomes 
were reported by DesHarnais et al. (1991) and Keeler et al. 
(1992), where rural hospitals had worse outcomes. Al-Haider 
and Wan (1991) found higher mortality rates in hospitals 
located in large metropolitan areas and in areas where there 
was a high proportion of unemployed workers. Furthermore, 
hospitals located in areas where there were more physicians 
per capita tended to have lower mortality rates when other 
factors were controlled. The authors cited other research 
that supported these findings, indicating that there is a 
relationship between community resources and mortality. 
Shortell and Hughes (1988) looked expressly at the effects 
of regulation and competition on mortality rates of Medicare 
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patients with 16 clinical conditions at 981 hospitals. In 
their analysis, measures of regulatory stringency and 
competition were found to be positively and significantly 
associated with hospital mortality rates. A hospital's 
market share, as measured by the percentage of patients 
drawn from a medical market area served by the hospital, was 
found by Wan et al. (1992) to be inversely related to 
adverse patient outcomes. This means that the greater the 
market share a hospital achieves, the lower the rate of 
adverse outcomes. In conclusion, a hospital's performance 
appears to be shaped by the characteristics of its 
environment, particularly the characteristics of the 
population it serves, the availability of health resources 
in the community, and the number and regulation of competing 
facilities and services. 
Conceptual Framework 
The main purpose of this research is to investigate the 
relationship between volume and outcomes, incorporating 
those major organizational correlates of high volumes which 
also are predictors of quality patient outcomes. 
Theoretically, the variation in patient outcomes (e.g., 
lower mortality rates) is determined directly and indirectly 
by variation in volume. The causal direction established by 
the practice-makes-perfect relationship is believed to exist 
such that high volumes are considered as exogenous to the 
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model, meaning that the cause of high volumes lies outside 
the model. High volumes must be accommodated through growth 
in physical facilities, personnel, and equipment. Thus, 
high volumes are believed to influence the structure of the 
hospital. At the same time, growth and maintenance of a 
larger hospital require resources to be available. Larger 
hospital size is also associated with increased complexity 
and differentiation, increased specialization, and greater 
coordination. These structural characteristics lead to 
greater service intensity and resource consumption. The 
presence of technically proficient, highly trained 
professional staff and state-of-the-art technology are also 
found in such hospitals. Additionally, certain aspects of 
the hospital's environment are believed to affect the 
volume-outcome relationship, and these will be controlled in 
order to assess the extent to which high quality patient 
outcomes are due to structural features and to internal 
organizational processes affected by volume and resources. 
The model in Figure 2 depicts these relationships and 
indicates the location of the hypotheses of the expanded 
volume-outcome framework. 
Volume and Hospital Structure 
Volume measures are the focus of this study for 
explaining differences in patient outcomes, yet a hospital's 
structure, especially its size, is considered important to 
this research because of its significant relationship with 
Figure 2. Conceptual Model of 




volume (Flood et al., 1984b; Georgopoulos, 1986). Daft 
(1992) reports that more than one hundred studies have 
attempted to explain the relationship between size and 
structure. Hospital size is likely to be indicative of a 
more differentiated and complex organization with more 
specialized facilities and staff. The larger hospital is 
expected to be more decentralized with a greater amount of 
written communication and documentation (Daft, 1992). 
Answering the question of how organization features affect 
patient outcomes depends on the extent to which it is the 
direct or indirect influence of volume or indirect influence 
of structure. 
The implications of the research findings on volume 
and structure are that as more patients of a certain type 
are treated, individual technical and professional staff are 
in greater demand and may become more experienced and more 
highly qualified. Organizational routines are more likely 
to become devised; specialized facilities and equipment are 
more likely to be available. All of these activities 
influence the performance of the clinical, ancillary, and 
administrative staff in the hospital, i. e., the process of 
care. Naturally, the increased flow of patients and 
accommodation of additional equipment and specialized 
personnel would not only require a hospital to grow larger, 
but also have an impact on the manner in which patients are 
"processed." The simultaneous growth in volume and size 
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indicates that the hospital ostensibly is becoming more 
differentiated and complex, is increasing in specialization, 
and is providing for more decision-making discretion and 
delegation of authority at lower levels of management 
(Miller & Droge, 1986). Miller and Droge (1986) and Keats 
and Hitt (1988) cite many studies under the auspices of the 
contingency perspective in organization theory which support 
the hypothesis that specialization, decentralization, and 
complexity are positively associated with size. Additional 
studies cited by these authors support the assertion that a 
more complex and differentiated organization makes use of 
integration mechanisms to enhance communication and 
coordination. 
Kaluzny and Hernandez (1983) and Greer (1987) described 
similar organizational features that facilitate the adoption 
and use of medical technology and specialized care, what 
they referred to as organization innovation. Kaluzny and 
Hernandez (1983) pointed out that decentralization increases 
the total amount of information available, and thus, 
knowledge or awareness of new processes or technologies is 
enhanced. Empirical findings on the factors associated with 
adoption of technology and its use in the patient care 
process pointed to hospital size, high volume of admissions, 
teaching hospitals, expanding markets, geographic location, 
and favorable reimbursement as the salient factors (Feeny, 
1985; Haddock & Begun, 1988; Richardson, 1988). Further, 
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Morse, Gordon and Mach (1974) investigated the impact of 
hospital structure on technology and subsequently on 
hospital performance in a series of multiple regressions 
using data from 388 hospitals. They found that more 
decentralized hospitals tended to adopt medical technology 
at a faster pace, and those hospitals had higher occupancy 
rates and lower average lengths of stay. The results did 
not control for patient differences, yet they pointed to the 
fact that organization structure was a factor in determining 
technology adoption and subsequent performance. 
The additional empirical findings on hospital size, 
hospital structure and outcomes (DesHarnais et al., 1991; 
Hughes et al., 1988; Keeler et al., 1992; Luft, 1980; 
Shortell & LoGerfo, 1981) and hospital volume and outcomes 
(Farley & Ozminkowski, 1992; Flood et al., 1984a; Flood et 
al., 1984b; Hannan, Kilburn, O'Donnell, et al., 1992; 
Hughes et al., 1987; Hannan et al., 1989; Hughes et al., 
1988; Kelly & Hellinger, 1986; Kelly & Hellinger, 1987; 
Luft, 1980; Luft, Garnick, Mark, & McPhee, 1990; Luft & 
Hunt, 1986; Luft et al., 1987; Maerki et al., 1986) 
generally lead one to conclude that hospital size is 
associated with the same structural characteristics that are 
associated with high volumes. Hospital structure and volume 
are predictors of hospital performance, directly or 
indirectly, and it is likely that these two factors have a 
causal relationship when evaluating their impact on outcomes 
in a single model. 
The following hypotheses describe the relationships 
between volume and outcomes and volume and structure: 
H1: Better patient outcomes are, in part, a direct 
consequence of high volumes. 
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H2: As volume increases, the hospital must grow in 
size to accommodate the impact of higher volumes, 
becoming more structurally differentiated, and 
improving in technical competence as the demand 
grows for technical and highly specialized staff. 
Structure is a multi-dimensional construct, defined in this 
dissertation as the extent to which there are separate 
functions, specialties, services, and facilities in the 
hospital. The construct incorporates: (a) size - the number 
of beds; (b) complexity - the breadth of work (i.e., number 
of departments and jobs) ; (c) integration - the 
coordination and communication mechanisms, activities, or 
policies used to bring people in the hospital together; and 
(d) technical competence - the extent of specialized 
training and the availability of state-of-the-art 
technology. 
Resource Availability and Hospital Structure 
Gooding and Wagner (1985) report in their meta-analytic 
review of organization size and performance that 
organization researchers have suggested that larger size is 
associated with greater resources available for organization 
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use. It has been found that these resources enable larger 
organizations to control their environments and "produce a 
degree of resource certainty that insures continued 
productive viability" (p. 463). The authors also point out 
that larger organizations are more likely to possess the 
financial resources necessary to attract more specialized 
and highly qualified employees. Thus, it seems that larger 
hospitals are more likely to have the resources available to 
expand the breadth of services offered, hire more 
specialized and technically trained clinicians and other 
health care workers, and afford more state-of-the-art 
technology. Yet, the literature reviewed in this study 
reveals inconclusive empirical findings regarding the direct 
relationship of financial viability of the hospital to 
higher quality care. Hartz et al. (1989) and Kuhn et al. 
(1991) found some support for the association, but conceded 
that the financial status indicators they used (occupancy 
rate and higher payroll expenses) may have been confounded 
with size, volume, and other hospital characteristics. Wan 
et al. (1992) did not find a significant direct effect of 
financial viability on adverse patient outcomes; however, 
they did find a positive and significant association between 
financial viability and number of high technology services, 
case-mix index, and for-profit ownership. Shortell and 
Hughes (1988) did not find any significant relationship 
between profit margins, occupancy rates, and mortality 
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rates. It appears that financial resources do not guarantee 
higher quality of care directly, rather they are associated 
with quality by providing for additional personnel and 
facilities that enhance the quality of care provided to 
patients in the hospital. 
The conceptual framework for the expanded volume­
outcome model (Figure 2) presents the construct, resource 
availability, as exogenous to the model, i.e., the source of 
the resources is not specified. As implied by the model, a 
hospital without available resources would not be able to 
grow and expand its breadth of services, hire specialized 
and technically trained personnel, attract highly 
specialized physicians, or obtain state-of-the-art medical 
technology. Additional resources are believed to be 
positively associated with higher volumes, assuming that 
higher volumes of patients generate additional revenues to 
the hospital. 
The following hypotheses describe the relationships 
between resource availability, volume, and structure: 
H3: Greater financial resources are positively 
associated with higher volumes, but the origin of 
greater financial resources lies outside the 
model. 
H4: Greater financial resources allow a hospital to 
grow in size, and enable a hospital to attract and 
retain more highly specialized personnel and 
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purchase more high-technology equipment. 
Structure, Process, and Outcome 
The structural dimensions of hospitals vary greatly, 
and it is the determinants and the consequences of this 
variation that are believed to affect patient outcomes in 
the hospital. This research is based on the proposition 
that a hospital's ability to achieve high quality care is 
due, in part, to the direct consequence of its 
organizational structure - its process. A hospital's 
structure is the arrangement of the component parts that 
serves as the basis upon which individuals and groups within 
the hospital rely to perform their roles and job 
responsibilities. Structure promotes operational continuity 
and predictability of behavior on a hospital-wide basis, and 
gives the doctors, nurses, ancillary staff, and 
administration a frame of reference for determining how to 
achieve quality patient outcomes (Georgopoulos, 1986). 
Thus, structure provides the mechanism that facilitates the 
process of patient care, where process is defined as the 
activity performed by the workers in the hospital, i.e., 
doctors, nurses, ancillaries, administrators. And this 
activity varies by the extent to which the workers have 
technical, specialized training and the availability of 
state-of-the-art technology. 
Yet, as the number of different specialties, 
departments, and jobs evolve, the diversity in background 
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and scientific knowledge creates an internal environment 
where there is potential for competition and conflict among 
different professional groups. Whereas technical competence 
may be enhanced when there is increasing decentralization, 
specialization, and complexity, clinical efficiency may be 
compromised. Increases in the breadth and depth of clinical 
specialties and technical services create an imperative for 
more to be done to the patient. The prevailing adage of the 
1990s, "more is not always better," applies in most of the 
empirical literature (Al-Haider & Wan, 1991; Fleming, 1990; 
Flood et al., 1979; Goldfarb & Coffey, 1987; Scott & 
Flood, 1987; Scott et al., 1979; Shortell & Hughes, 1988; 
Wan, 1992; Wan et al., 1992). The research supports the 
proposition that service intensity and inefficient 
consumption of resources per patient often lead to worse 
patient outcomes. Likewise, the availability of technology 
is no guarantee that it will be used appropriately. 
The duration of an average admission to the hospital is 
another important influence on service intensity and 
resource consumption. Scott et al. (1979) analyzed the 
relationship between service intensity and average length of 
stay and found that shorter lengths of stay were 
significantly correlated with increased services. It is 
generally understood that more is done to the patient in the 
beginning of his or her stay in the hospital. Thus, 
patients who stay in the hospital for shorter periods of 
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time have a greater quantity of services per patient day. 
A hospital with a shorter length of stay may have more 
turnover of patients in a given period of time, occupancy 
rate held constant. When there are more patients, there is 
greater opportunity for more procedures to be performed. As 
a result, shorter lengths of stay are associated with higher 
volumes. Further, if shorter lengths of stay are associated 
with more service intensity and if shorter lengths of stay 
are associated with higher volumes, then logic dictates that 
higher volumes are associated with more service intensity. 
The following hypotheses describe the relationships 
between volume, average length of stay, structure and 
process: 
H5: The greater the structural differentiation and the 
higher the level of technical competence, the 
greater the propensity for service intensity and 
resource consumption. 
H6: The shorter the length of stay, the greater the 
service intensity and resource consumption. 
H7: Shorter lengths of stay contribute to greater 
turnover of patients, allowing higher volumes of 
procedures to be performed. 
H8: Higher volumes lead to greater service intensity 
and resource consumption. 
The process construct is represented by the related 
dimensions of (a) service intensity - the number of services 
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and the quantity of labor provided per patient and (b) 
resource consumption - the amount of capital and labor used 
to convert a sick patient into a well patient. 
The conceptual framework for the expanded volume­
outcome model incorporates Donabedian's (1966) classic 
structure-process-outcome framework for quality of care. 
Structural attributes are believed to influence the 
processes of care in the hospital. Process is believed to 
influence outcomes. This unidirectional causal relationship 
is reflected in the model in Figure 2. It follows logically 
that the process of providing care to patients directly 
influences their outcomes. Many researchers (Flood et al., 
1979; Keeler et al., 1992; Scott et al., 1979; Shortell & 
Hughes, 1988; Wan, 1992; Wan et al., 1992) have found 
empirical support for the positive relationship between 
process and outcome variables, suggesting that the greater 
the service intensity and resource consumption, the higher 
the mortality rate. 
The following hypothesis describes the relationship 
between process and outcomes: 
H9: The greater the service intensity and resource 
consumption, the worse the patient outcomes. 
Summary 
This chapter has presented the extensive body of 
literature that supports the development of the conceptual 
framework for the expanded volume-outcome model. 
The following chapter will present the structural 
equation model that analyzes the links between volume, 
resources, average length of stay, structure, process, and 
outcome. 
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CHAPTER 3 - METHODOLOGY 
Introduction 
The structural attributes of the hospital, the clinical 
and production processes, and the hospital's environment are 
believed to contribute to our understanding of why higher 
volumes lead to better outcomes in the hospital. The 
conceptual framework for the expanded volume-outcome 
relationship, as shown in Figure 2, is derived from 
empirical findings in structural contingency theory, the 
practice-makes-perfect or learning curve perspective, and 
the literature on organizational innovation and medical 
technology. The expanded volume-outcome model also 
incorporates the structure-process-outcome perspective on 
quality of care. 
This research employs a cross-sectional design to 
examine linkages between a hospital's volume and financial 
resources and its structure, process, and outcomes in 1990. 
A longitudinal analysis is performed to determine the causal 
nature of the volume-outcome relationship by evaluating the 
stability of volume and outcomes between 1988 and 1990. 
The study population is comprised of all general, acute 
care hospitals in the United States that treat Medicare 
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beneficiaries. The sample selected from this population is 
all hospitals that perform at least one surgical procedure 
during the study year for each of the following: 
cholecystectomy, carotid endarterectomy, pacemaker 
insertion, hip replacement, and reduction of hip fracture. 
Research Design Issues 
Before proceeding with a description of the data 
sources, sample design, and the analytic methodology, the 
reader must recall two major issues that were raised in the 
literature review: (a) causal direction and the importance 
of longitudinal analysis and (b) hospital volume versus 
physician volume. These issues are directly related to the 
methodology chosen for this study. Also, three additional 
methodological issues will be addressed. They are: (a) the 
justification of mortality rate as the outcome measure, (b) 
the use of surgical procedures for the volume measures, and 
(c) the specification of the volume variable in the model. 
Causality and Longitudinal Analysis 
Empirical support has been found for two models used to 
explain the volume-outcome relationship: the practice­
makes-perfect model and the selective-referral model. 
Despite the sophisticated techniques designed to test 
simultaneous paths of causation, "the attempts to estimate 
such models have not been fully convincing, even to their 
authors .... Our view is that the case concerning causation is 
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far from settled" (Luft, Garnick, Mark, & McPhee, 1990, p. 
14). Generally, the empirical results reported in the 
literature review favor the practice-makes-perfect model 
where higher volumes lead to better outcomes, particularly 
where panel data are used. Accordingly, the model employed 
in this study is designed with the view that higher volumes 
drive the organizational structure and processes that lead 
to better patient outcomes. And, in order to justify any 
conclusions about the effect of changes in volumes on 
outcomes, a time dimension must be incorporated. Panel data 
are used to obtain estimates of the volume-outcome 
relationship by looking at the stability over time of 
hospital volume and hospital mortality rates. If the 
hospital characteristics are stable, then the longitudinal 
analysis can provide consistent estimates of the volume­
outcome relationship. 
Hospital Versus Physician Volume 
In most of the research that has looked at hospital 
volume and physician volume in the same study (Flood et al., 
1982; Hannan, Kilburn, O'Donnell, et al., 1992; Hannan et 
al., 1989; Hughes et al., 1987; Kelly & Hellinger, 1986; 
Kelly & Hellinger, 1987; LeFevre, 1992; Roos et al., 1986; 
Roos et al., 1987; Shortell & LoGerfo, 1981), the effects 
of hospital volume tend to be predominant, although the 
effects of physician volume sometimes achieve statistical 
significance. One explanation for the lack of findings on 
the physician effect is that high-volume hospitals are 
likely to have high-volume physicians. The high degree of 
collinearity may mask the true effects when both exist. 
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Luft, Garnick, Mark, and McPhee (1990) summarized the 
research findings on physician volume versus hospital volume 
and reported that of the 121 procedure-specific and 
diagnosis-specific findings on volume and outcomes, 22 
tested hospital volume and physician volume concurrently. 
Of these 22 studies examining both effects, 13 found a 
significant hospital effect, whereas only two found a 
significant physician effect. In this dissertation, the 
hospital will be the focus of analysis, assuming that the 
effect of volume of procedures performed by any particular 
surgeon is insulated by the overall structure and process 
efficiencies in the hospital. Also, as Luft, Garnick, Mark, 
and McPhee (1990) point out, it is difficult to identify 
which physician is truly responsible for a patient when 
several specialists and consultants are involved in a single 
case. 
Mortality Rate as Outcome Measure 
The risk-adjusted mortality rate has been the subject 
of controversy in outcome studies as a proxy measure for 
quality of care, yet it is the most frequently used measure 
in the empirical literature on the topic. Generally, risk­
adjusted mortality rates are inherently classified as 
avoidable or preventable deaths because a careful adjustment 
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for patient severity at admission statistically controls for 
any death that may have been avoidable because of factors 
other than the patient's condition. 
Mortality rate is usually measured as in-hospital 
mortality rate or mortality rate within a fixed time 
interval following hospitalization. DesHarnais et al. 
(1991), in their development of a risk-adjusted mortality 
index, compare hospitals' Medicare risk-adjusted inpatient 
mortality rate with the same hospitals' inpatient plus 30-
day post discharge mortality rate and find the correlation 
between the two to be very high (r = 0.97). Thus, it seems 
reasonable to use hospital mortality rates that are anywhere 
within a 30-day period following discharge. For periods 
beyond 30 days, there are many extraneous events that may 
occur once the patient is discharged from the hospital that 
have nothing to do with the treatment received there. This 
is especially true when studying the elderly using Medicare 
data. For example, the lack of availability of home care or 
a support network may seriously impair an elderly patient's 
recuperation at home beyond 30 days following discharge, yet 
such factors traditionally have not been analyzed in studies 
using post discharge mortality data beyond 30 days. 
Another major issue in the use of mortality rates is 
the adequacy of patient severity data in large, 
administrative data bases for performing the requisite risk­
adjustment or case-mix adjustment procedures. From the 
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findings reported in the literature review, one must concede 
that case-abstracted clinical data are somewhat better at 
predicting mortality; however, the studies cited in the 
literature review have found that the correlation between 
risk-adjusted mortality rates using administrative or claims 
data and clinical data is significant and quite high (range 
r = 0.75 to r =  0.91). Thus, claims data appear to be quite 
adequate for constructing risk-adjusted mortality rates. 
Volume of Surgical Procedures Versus Medical Diagnoses 
Luft, Garnick, Mark, and McPhee (1990) present an 
excellent rationale for selecting surgical procedures over 
medical diagnoses for volume-outcome research: 
Surgery is easier to study for several reasons. First, 
surgical procedures are generally well identified and 
coded both on hospital discharge abstracts and 
insurance claims. The occurrence of an operation is 
rarely in dispute, even though the choice of procedure 
or necessity for it may be questioned by various 
physicians. Only in rare cases is there a frequent 
miscoding of procedure, such as revision of total hip 
versus total hip replacement. (Random miscodings 
probably occur across the board. With procedures, 
however, one can check for the presence of a relevant 
diagnosis and exclude, for example, cases indicating a 
cholecystectomy without any gall bladder-related 
diagnoses.) In contrast, the determination of some 
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medical diagnoses is often quite difficult; comparably 
trained clinicians may disagree on how an individual 
patient should be classified. For example, patients 
with lobar consolidation may be classified with 
pneumonia, pulmonary infarction, or pneumonitis 
associated with an underlying vasculitis. Patients 
with reactive airways disease may be classified with 
acute asthma or acute exacerbation of chronic 
obstructive pulmonary disease. 
Second, severity of illness may vary with 
surgically treated patients, but it is less likely 
to be an important source of bias in volume­
outcome studies than it is for medically treated 
patients. This is particularly true for 
procedures that are typically scheduled, such as 
total hip replacement. Although the degree of 
impairment in mobility and the presence and 
severity of chronic comorbidities, such as 
hypertension and diabetes, may vary, few surgeons 
would perform elective surgery for patients with 
acute medical illnesses. Thus the relative 
absence of adequate measures of severity will 
probably have a greater effect on analysis of 
medical than surgical admissions. Variability in 
rate of medical admissions across towns and states 
may be associated with differences in severity or 
case complexity that may, in turn, influence 
outcomes .... In particular, if some hospitals tend 
to admit less sick patients, volume might increase 
and outcomes improve simultaneously. 
Third, to some extent, the reasons for 
medical and surgical admissions differ in ways 
that influence the interpretation of a volume­
outcome relationship. Surgery is often �sed to 
increase longevity or to correct a problem that 
interferes with the quality of life but may not be 
immediately life-threatening. Because the patient 
often is in reasonably good health on admission, 
short-term mortality is more likely to reflect 
treatment effects than the patient's underlying 
health. In contrast, medical admissions are more 
apt to be in response to immediate life­
threatening problems or for palliation of terminal 
illnesses. In such cases, the patient's health 
status on admission may be a more important 
determinant of short-term outcomes than the 
quality of care rendered. (pp.27 & 30) 
For the reasons stated by Luft, Garnick, Mark, and McPhee 
(1990), the volume-outcome relationship will be analyzed 
using volume of surgical procedures. 
Specification of Volume 
The hypothesized volume-outcome relationship is 
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depicted in Figure 3. The "L-shaped" curve indicates that 
hospitals with very low volumes have worse outcomes than 
hospitals with higher volumes; however, there is a point on 
the curve (point A) beyond which any increase in volume 
yields little or no improvement in mortality rate. Many 
volume-outcome studies (Farley & Ozminkowski, 1992; Hughes 
et al., 1987; Hughes et al., 1988; Luft, 1980; Luft & 
Hunt, 1986; Luft et al., 1987; Riley & Lubitz, 1985) have 
expressed the volume measure as the natural logarithm of 
volume to provide a better model fit when the data show a 
strong L-shaped relationship, as shown in Figure 3. 
The logarithmic transformation of volume has certain 
implications. Luft, Garnick, Mark, and McPhee (1990) state 
that "testing a simple continuous variable may show that as 
volume increases, outcomes improve. But using only a 
continuous variable (without a ... log transformation) may 
mask the fact that outcomes are dramatically worse only 
below a particular volume level. Thus one may be led to the 
interpretation that outcomes improve with volume rather than 
that outcomes are very bad in hospitals with volumes below 
x, and that there is little relationship between volume and 
outcome above that point" (p. 18). The data in this 
dissertation reveal that only a few hospitals have high 
volumes, and these deserve less weight than the maj ority of 
hospitals with low volumes. This dissertation will use the 





Figure 3. L-shaped Relationship Between 
Volume and Outcome 
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Volume 
volumes and progressively weaker effect at high volumes. 
Sample and Measurement 
The following section describes the sample data and 
measurement of the variables. 
Data Sources 
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The source of data for volume of cases of surgical 
procedures and risk-adjusted mortality rates is the Medicare 
Hospital Information 1988, 1989, 1990 data file from the 
Health Care Financing Administration (HCFA) . The data are 
derived from the Medicare Provider Analysis and Review 
(MEDPAR) file, which is obtained from Medicare bills 
submitted by the hospitals to HCFA through fiscal 
intermediaries. The data file contains post admission, 
predicted and observed (actual) mortality rates for eight 
medical conditions and nine surgical procedures. The model 
of predicted mortality rates uses a modification of the 
Makeham time-to-event model to determine the influence of 
several explanatory variables on mortality rate. The 
explanatory variables are age, gender, comorbidity, type and 
source of admission, previous hospitalizations, diagnosis, 
and surgical category. The explanatory variables serve to 
adjust for patient-level risk. The model specifies the 
probability of death at time t from time of admission to the 
hospital. The model is also known as a hazard model or 
mortality risk function. Hospital-level mortality rates by 
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surgical procedure are calculated by computing an expected 
value of the actual deaths or the probabilities as specified 
by the mortality model. 
Hospital characteristics and environmental data are 
obtained from the American Hospital Association's (AHA) 
Annual Survey of Hospitals Data Base for 1990. This data 
base contains most of the indicator variables for the 
structure and process constructs in the theoretical model. 
It also contains the hospital and environmental control 
variables. The HCFA Case Mix Index file for fiscal year 
1990 provides the case mix index figure for each hospital. 
Hospital financial data for fiscal year 1990 are 
supplied by the HCFA Hospital Cost Report and Information 
System that includes PPS VI and PPS VII Minimum Data Sets 
and PPS VI and PPS VII Capital Data Sets. Both PPS VI and 
PPS VII are combined in order to obtain data from hospitals' 
fiscal years that coincide with the fiscal years of the HCFA 
mortality data, the HCFA case mix index, and the AHA data. 
Sample Design 
The unit of analysis for this two-wave panel study is 
the hospital. For the 1990 cross-sectional analysis, the 
sample is derived from merging all data sources mentioned in 
the previous section and selecting those hospitals that meet 
the following criteria: 
1. short-term (average length of stay less than 30 
days), acute care, general medical and surgical; 
2. non-federal government; 
3. responded to AHA survey; 
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4. hospital unit only: no long-term care units and 
excludes swing-bed utilization; 
5. for 1990, each hospital's fiscal year must end no 
later than 12/31/90 or begin no earlier than 6/1/89; for 
1988 data, corresponding period is 6/1/87-12/31/88; 
6. operating expenses must be greater than or equal 
to zero; assets must be greater than zero; 
7. gross patient revenues must be greater than or 
equal to zero; and 
8. predicted procedure-specific mortality rate must 
be greater than zero. 
In addition, hospitals are eligible for analysis if 
they perform at least one of each of the five selected 
surgical procedures under study: pacemaker insertion, 
carotid endarterectomy, hip replacement, reduction of hip 
fracture, and cholecystectomy. The ICD-9-CM procedure codes 
are presented in Appendix A. The four remaining procedures 
in the HCFA mortality data [coronary artery bypass graft 
surgery (CABG), angioplasty, prostatectomy and hysterectomy] 
are excluded for the following reasons. First, fewer 
hospitals perform CABG and angioplasty, thereby reducing the 
sample size by more than 50%. The smaller sample size is 
not sufficient to analyze the complex structural equation 
model with 29 variables. Second, prostatectomy and 
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hysterectomy are excluded because there is at least one 
hospital with a predicted mortality rate of zero. This 
causes the risk-adjusted mortality rate (ratio of actual to 
predicted) to be undefined. 
The final sample size for the 1990 cross-sectional data 
is 1,752 hospitals. The data are further subsetted by 
listwise deletion (deleting a hospital that has at least one 
missing observation on any variable), leaving 1,751 
hospitals in the sample size. 
The sample size for the two-wave panel model on volume 
and outcomes is slightly smaller at 1,582. This further 
reduction in sample size is due to the selection of 
hospitals that perform at least one of each of the five 
procedures in both study years, 1988 and 1990. 
Model and Measurement 
The model employed in this study reflects the view that 
volume and resource availability are related latent 
constructs that have an effect on the hospital's structure. 
The hospital's average length of stay has a direct impact on 
the process of care where services are more intensive per 
patient day when the average length of stay is shorter. The 
process of care is also influenced by the volume of cases. 
The recursive structure-process-outcome relationship 
completes the overall volume-outcome framework, controlling 
for certain environmental and hospital level factors 
believed to affect the relationships, but are not the focus 
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of interest in this study. The model depicted in Figure 4 
takes the form of a structural equation model that 
summarizes the causal relations between the latent 
variables, volume, resource availability, average length of 
stay, structure, process, and outcome. The hospital level 
control variables are teaching status (member of the Council 
of Teaching Hospitals), ownership status (for-profit system, 
for-profit independent, not-for-profit religious 
affiliation, not-for-profit independent, and government­
owned) , accreditation by the Joint Commission on the 
Accreditation of Healthcare Organizations (JCAHO), 
osteopathic hospital, and member of a health care system. 
The environmental control variables are geographic region 
and the population size of the surrounding standard 
metropolitan statistical area. 
The structural equation model consists of two parts, a 
measurement model and a latent variable model. The overall 
model is a system of structural equations, and the 
relationship between latent variables is represented by 
structural parameters. According to Bollen (1989), the 
structural parameters are constants that provide the causal 
relation between variables. Causality is implied when the 
relations predicted by the model and its assumptions compare 
to those present in the data, i.e., a comparison of the 
magnitude, sign, and significance of the parameter estimates 












the model. If the data correspond reasonably well to the 
model, then the model is believed to be an approximation of 
the theoretical ' reality" it represents. 
The measurement model is the system of structural 
equations that link the latent variables to the observed 
variables. The linkages are assumed to be imperfect; 
therefore, errors of measurement are incorporated into the 
model. The most likely sources of measurement error are: 
(a) lack of validity where the observed variables chosen to 
represent the latent construct are not true measures of what 
the construct is supposed to measure, and (b) lack of 
reliability where the assumption is not true that all 
measures are perfectly consistent or can be perfectly 
replicated from measurement to measurement. Bollen (1989) 
states that "generally, ignoring measurement error leads to 
inconsistent estimators and to inaccurate assessments of the 
relation between the underlying latent variables" (p. 179). 
Thus, a distinct advantage of structural equation modeling 
is the ability to incorporate measurement error. Table 1 
below shows all the latent variables and their associated 
observed variables in the model shown in Figure 4. 
Measurement Model of Exogenous Variables 
Each latent exogenous construct is measured by observed 
indicators. Figure 5 shows the measurement model for the 
latent exogenous variables. The latent variables volume 
(�2) and resource availability (�3) have a positive 
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Observed and Latent Variables in the Expanded Volume-Outcome 
Model 
Variable 
ALOS ( � 1, X1) 
VOLUME ( � 2) 
PI VOL (x2) 
CE VOL (x1) 
HR-VOL (x,) 
HF VOL (x5) 
CH-VOL (x6) 
RESOURCE 
AVAILABILITY ( � 1) 
CASHFLOW ( X7) 
STRUCTURE (1)1) 
BEDS (y1) 
SUR SPEC (y2) 
TOT SERV (y1) 
LIAISON (y,) 
PCT RN (y5) 
BD CERT (y6) 
CR CARE (y7) 
HT INDX (y8) 
Description 
Average Lenth of Stay = 
# Inpatient Days + 
# of Discharges 
# Cases (ln) Pacemaker Insertion 
# Cases (ln) Carotid Endartectomy 
# Cases (ln) Hip Replacement 
# Cases (ln) Hip Fracture 








Cash Flow (in $100,000,000) = Continuous 
Net Income + Depreciation 
Operating Margin Ratio = Continuous 
(Oper. Revenue - Oper. 
Expenses) + Oper. Revenue 
Return on Assets Continuous 
Net Income + Total Assets 
# of Hospital Beds Continuous 
# Surgical Specialties Continuous 
# Services Offered Continuous 
(in Facility and Contract) 
Physcian Liaison to Board Ordinal 
l=Yes 
O=No 
% RNs to Total Nurses Continuous 
% Board Certified Physicians Continuous 
# Critical Care Units Continuous 
(Med/Surg, Neonatal(2) , 
Cardiac, Peds. ,Burn, 
Special, Other) 
High-tech Index: # of Continuous 
Lithotripter, Open-
heart, Kidney Trans., 
Organ Trans., Tissue Trans., 
Bone Marrow Trans., Cardiac 
Cath. Lab, MRI, PET, CT 
(table continues) 
Table 1 (continued) llO 
Variable Description Type 
PROCESS ( 1) 2) 
CMINDEX (y9) 
OPEX PD (y10) 
NURS BED (y11) 
RN PTDAY (y12) 
ICU DAYS (y13) 












HOS TYPE (x10) 
JCAHO N (x11) 
COTH N (x12) 
HCFA Case Mix Index 
Operating Expenses per 
Patient Day 
Oper. Expenses + 
Inpatient Days 
Nurses per Bed 
II Nurses + Beds 
II RNs per Patient Day 
II RNs � 1000 Patient 
Days 
% Intensive Care Days = 
II ICU Days � Inpatient 
Days 
Risk-adjusted Mortality Rate 



























Accredited by Joint Commis- Ordinal 




Member of Council of 
Teaching Hospitals of the 






Table 1 (continued) 
Variable Description 
OSTEO_N (x13) 
SYSTEM N (x,.) 
REGION N (x15) 




Member of Health Care System 
1=Yes 
O=NO 




4=East North Central 
5=East South Central 
6=West North Central 








2=100,000 to 250,000 
3=250,000 to 500,000 
4=500,000 to 1,000,000 
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Figure 5. Measurement Model for the 





relationship explained by a certain logic that suggests that 
more procedures being performed generates more revenues to 
the hospital, and higher revenues allow for more facilities, 
personnel and equipment which may attract higher volumes of 
patients. Volume (<2) and average length of stay (<1)are 
believed to be inversely correlated as shorter hospital 
stays allow for more turnover of patients, and more turnover 
means potentially higher volumes of procedures being 
performed. Resource availability and average length of stay 
are not deemed to have any significant relationship. 
Volume is measured by the natural log of the number of 
cases for five surgical procedures: pacemaker insertion 
(PI_VOL), carotid endarterectomy (CE_VOL), hip replacement 
(HR_VOL), reduction of hip fracture (HF_VOL), and 
cholecystectomy (CH_VOL). It is believed that a low volume 
hospital will systematically perform fewer of all five of 
the selected study procedures than a high volume hospital. 
As described in a previous section, the log transformation 
allows for a stronger effect at low volumes and a 
progressively weaker effect at high volumes. Since the 
majority of hospitals in the study have low volumes, the log 
transformation takes into account the hypothesized effect 
that outcomes are worse only below a particular volume 
level. 
Resource availability (<3) is measured by cash flow 
(CASHFLOW), operating margin (OP_MAR), and return on assets 
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(ROA). A hospital's cash flow represents the source of 
funds used to retire debt principal, to increase working 
capital, or to replace capital assets. In normal 
situations, the cash flow will correlate with profitability 
ratios such operating margin and return on assets 
(Cleverley, 1987). The operating margin ratio defines the 
proportion of operating revenues retained as revenue. 
Cleverley (1987) states that this ratio is used by m�ny as 
the primary test of profitability in the hospital industry. 
Alternatively, return on assets is a measure of the 
continued viability of the hospital and replacement of its 
assets. 
Average length of stay (ALOS, <1) is a directly 
observed variable which is hypothesized to have an effect on 
the process of care in the hospital. Although it is a 
directly observed variable, it is believed to be measured 
with error due to questionable accuracy of hospitals' 
reporting of total inpatient days and total discharges. 
This measurement error is incorporated into the analysis. 
Measurement Model of Endogenous Latent Variables 
In the conceptual model, a hospital's structural 
attributes, its clinical and production processes, and its 
patient care outcomes are represented by three latent 
variables. Figure 6 shows the measurement models for each 
of the latent variables, structure (�1), process (�2), and 
outcome (�3). 
--, 
� y1 1,. S7 
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Figure 6. Measurement Models for the 
Endogenous Latent Variables 
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Structure is measured by eight observable variables 
which represent the major structural dimensions of 
structural contingency theory: size; structural 
differentiation, including integration; and technical 
competence. Size (BEDS) is represented in the latent 
construct by the number of acute-care hospital beds. The 
structural differentiation dimension consists of the number 
of surgical specialties (SUR_SPEC) , total number of services 
and programs offered by the hospital (TOT_SERV) , and an 
indicator whether there is a physician liaison (LIAISON) to 
the hospital board of directors. The final dimension of 
structure is the level of technical competence in the 
hospital. This is measured by the proportion of registered 
nurses to other nurses (PCT_RN), proportion of board 
certified physicians (BD_CERT) , number of critical or 
intensive care units (CR_CARE), and the number of 
technologically sophisticated equipment and services 
(HT INDX) . The HCFA case mix index (CMINDEX) is considered 
to be, in part, a measure of technical complexity and will 
be included as a joint indicator variable for structure and 
process in the structure equation model. For the purpose of 
analyzing the measurement model, case mix index is an 
observable indicator for the measurement of process. 
Process (ry2) is the construct represented by service 
intensity and resource consumption, i.e., doing more to 
patients. Process is measured by the number of registered 
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nurses used per patient day (RN_PTDAY) , operating expenses 
per patient day (OPEX_PD) , the number of nurses per bed 
(NURS BED) , and the proportion of total patient days that 
are intensive care days (ICU_DAYS). The HCFA case mix index 
(CMINDEX) is considered to be primarily a measure of 
resource consumption and secondarily a measure of technical 
complexity, as explained above. 
Outcome (ry3) is measured by the risk-adjusted mortality 
rate within 15 days of admission for the same five surgical 
procedures that are indicators of volume. Low volume 
hospitals are hypothesized to have worse patient outcomes; 
therefore, low volume hospitals will systematically perform 
fewer of all five of the selected study procedures than a 
high volume hospital. Likewise, the mortality rates for the 
same five procedures could be expected to vary 
systematically for low volume and for high volume hospitals, 
provided the model has correctly specified the true causal 
relationships. 
Data Analysis 
This section describes the analytic techniques used in 
this research. 
Univariate Analysis 
Descriptive statistics and distributional properties of 
all variables in the study were obtained using SAS. The 
data were analyzed to detect any departure from normal 
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distributions by evaluating skewness, kurtosis, and the 
Shapiro-Wilk statistic. The log transformation of the five 
volume variables was performed using SAS. 
Tests of normality are helpful in assessing the 
appropriateness of maximum likelihood and general least 
squares estimators. Skewness values greater than zero 
indicate positive skewness (long tail extending to the 
right), and values less than zero indicate negative skewness 
(long tail extending to the left). Values for kurtosis 
greater than three indicate a problem with positive kurtosis 
(thinner tails), and values less than three indicate 
negative kurtosis (fatter tails). The Shapiro-Wilk test of 
normality tests the null hypothesis that the variable is 
normally distributed. The test statistic, W, must be 
greater than zero and less than or equal to one, with small 
values leading to rejection of the null hypothesis. The 
null hypothesis is rejected when the p-value is less than or 
equal to 0.05 for a = 0.05 level of significance. 
Risk-Adjusting Mortality Rates 
The mortality rates for each of the five surgical 
procedures were adjusted for the level of patient risk at 
each hospital. The risk-adjusted rate was obtained by 
subtracting the hospital-level predicted or expected 
mortality rate from the observed or actual rate and dividing 
by the predicted. This ratio has sometimes been called the 
hospital's indirectly standardized mortality ratio 
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(Blumberg, 1986). An alternative method is simply to divide 
the actual by the expected rate. The distributions of both 
methods have the same shape, just shifted. The complex 
ratio of actual minus expected divided by expected is 
equivalent to a rate of change, so that a value of zero 
represents no change. For purposes of interpretation, the 
complex ratio is preferred. 
A risk-adjusted ratio greater than zero indicates that 
the hospital has more than its expected number of deaths 
while values less than zero suggest the hospital has fewer 
deaths than expected. For example, Hospital A performs 
1,000 hip replacements during the year. Fifteen hip 
replacement patients died while in the hospital. The 
expected value of the observed deaths is 15/1,000 = 0.015. 
This is Hospital A's actual death rate for hip replacement. 
The HCFA calculates a probability of death for each patient, 
based on each patient's demographic characteristics and risk 
factors. The sum of the predicted values divided by the 
number of cases gives the hospital's expected death rate. 
In this example, assume that the expected death rate has 
been calculated as 0.020. The risk-adjusted mortality ratio 
is (0.015 - 0.020)/0.020 = -0.25. This means that Hospital 
A has fewer actual deaths than one would expect for a 
hospital with a given level of patient risk. 
Regression Analysis 
Simple linear regressions of the cross-sectional data 
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were calculated to graphically illustrate the risk-adjusted 
volume-outcome relationship for each of the five surgical 
procedures independently. The regression model was 
specified as: 
y = a + {3x + E 
where y is the predicted, observed, or risk adjusted 
mortality rate and x is the log of the volume of cases. 
The central research question in this study revolves 
around whether the volume-outcome relationship remains 
intact after taking into account the effect of a hospital's 
structure and process on outcome. The regression analysis 
provides an a priori view of the strength and direction of 
the relationship before the theoretical model is analyzed. 
The purpose is to facilitate interpretation and draw 
conclusions from the final analysis. 
Analysis of the Structural Equation Model 
The structural equation model (Figure 4), consisting of 
the measurement model and the latent variable model, was 
analyzed using LISREL 7 (Joreskog & Sorbom, 1989). The 
measurement model for the 1990 cross-sectional model was 
validated using confirmatory factor analysis to determine 
the significance and relative strength of the selected 
indicator variables for each latent construct. The 
measurement model takes the form: 
y = AyTJ +€ 
X =AJ,+ O 
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where y and x are the vectors of observed variables, A are 
the coefficients that show the relation of y to ry and x to 
�; e, o are the errors of measurement. LISREL 7 provides 
for the simultaneous calculation of parameter estimates in 
the measurement model plus an estimate of measurement error. 
LISREL 7 also allows for correlated indicator variables and 
is able to estimate parameters for correlated error terms. 
After a satisfactory measurement model was obtained, 
the general structural equation model, excluding control 
variables, was evaluated for 1990 cross-sectional data. The 
latent variable model was specified as: 
ry = Bry + r� + � 
where ry is the matrix of latent endogenous variables, B is 
the coefficient matrix between endogenous variables, r is 
the coefficient matrix for exogenous latent variables, � is 
the matrix of exogenous latent variables, and � is the error 
term for each structural equation. Figure 4 graphically 
depicts the structural equations for the proposed model: 
771 Y12�2 + Yu�3 + L 
772 f3n171 + Yn�1 + 1'22�2 + (2 
773 !332772 + "32�2 + r 3 
The general structural equation model was examined for 
its overall goodness of fit, i.e., how well the structural 
parameters defined by the proposed model fit the sample 
data. LISREL 7 provides several tests of goodness of fit. 
The model fit was first examined without the seven 
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environment and hospital control variables. The control 
variables were then introduced to see if they improved the 
overall fit of the model. The structural equations for the 
model with control variables were as follows: 
171 '¥12<"2 + Yl3<" 3 + L 
172 f3n171 + 'Yn<"1 + Yn<"2 + (2 
173 f3n172 + Yn<"2 + 'Y34<"4 + 'Y3s<"s + 'Y36<"6 + 
'Y37<"7 + 'Y3s<"s + 'Y39<"9 + 'Y3lo<"lo + r3 
The structural equation model and measurement models 
were analyzed using a correlation matrix. Although the 
general rule is that a covariance matrix should be analyzed, 
Joreskog and Sorbom (1989) point out that in many behavioral 
sciences applications, the units of measurement in the 
observed variables have no definite meaning or are 
arbitrary. For these reasons, Joreskog and Sorbom (1989) 
recommend that for the sake of convenience and 
interpretation, a correlation matrix should be used. They 
state that this is common practice. The risk of using a 
correlation matrix is that chi-square tests ( X2), goodness­
of-fit measures, and standard errors could be incorrect; 
however, they may be asymptotically correct. Joreskog and 
Sorbom (1989) state that conditions under which one can 
judge whether results are asymptotically correct are 
"extremely complicated and give little practical guidance" 
(p.32). The correlation matrix was generated by PRELIS, a 
LISREL 7 preprocessor, to obtain polyserial, polychoric and 
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Pearson product moment correlations for all continuous and 
ordinal variables in the model. This type of correlation 
matrix was used in order to produce more precise parameter 
estimates than Pearson product moment correlations alone. 
The correlation matrix was calculated using listwise 
deletion where all cases with missing observations were 
deleted first. In this way, the matrix was reduced to a 
matrix without missing observations. 
The normality of the variables was reviewed to 
determine whether the parameters of the model should be 
estimated using maximum likelihood (ML) or weighted least 
squares (WLS) with a general weight matrix. Joreskog and 
Sorbom (1989) stated that it is still an open question 
whether to use ML or WLS when variables are not normally 
distributed. They pointed out that previous Monte Carlo 
studies had not given a clear-cut answer. Most of the 
variables in the model had values close to one for the 
Shapiro-Wilk statistic for normality, although they were not 
significant. Additionally, the number of observations in 
the model was large (n=1751) such that the asymptotic 
distributional properties of the data provided sufficient 
reason to use the ML method of estimation. 
The measurement models and the structural equation 
model were examined to determine whether the estimated 
coefficients and the associations among latent variables 
were of the right sign and magnitude to conform to the study 
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hypotheses. For ease of interpretation, the results were 
presented in their standardized form. In a completely 
standardized solution, the latent variables and observed 
variables were scaled to have standard deviations equal to 
unity. The standardized solution was obtained only after 
the model was fitted with the variables in their original 
metric. Statistical measures of fit were used to aid in the 
evaluation of the models. 
The purpose of testing model fit is to determine 
whether the covariance structure implied by the conceptual 
model is equal to the actual covariance structure of the 
sample data, or E = E(ll) (Bollen, 1989). The chi-square (x2) 
test is a simultaneous test that all residuals in E - E(ll) 
are zero. Another way of viewing the X2 test is a 
simultaneous test of the differences between observed and 
predicted covariances among variables (Long, 1983). A good 
model fit is indicated when X2 is small and the p-value is 
larger than the critical value of x2 determined by the 
degrees of freedom (d.f.) and the chosen level of 
significance. The x2 approximation assumes that there is no 
kurtosis in the variables and the sample size is 
sufficiently large. However, as the sample size gets large, 
smaller and smaller differences between observed and 
predicted covariances become statistically significant. As 
a consequence, models using very large samples with positive 
degrees of freedom will be rej ected and provide a 
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statistically unacceptable fit (Long, 1983). In this case, 
a better indicator of model fit is the x2/d.f. ratio. The 
X2/d.f. ratio lessens the problems of excessive statistical 
power using X2 when the sample size is large. General 
consensus on what constitutes a "good" fit is a ratio of 
five or less (Bollen, 1989) . 
Additional measures of overall model fit are the 
Joreskog and Sorbom (1989) Goodness of Fit Index (GOF) and 
the adjusted GOF (AGOF) . The GOF measures the relative 
amount of variance and covariance in the matrix of sample 
data that are predicted by the covariance structure matrix 
implied by the theoretical model. The AGOF adjusts for the 
degrees of freedom relative to the number of variables. 
Finally, an examination of the root mean square residual is 
a simple method to asses model fit. It measures the average 
of the fitted residuals. Residuals should be near zero for 
a "good" model. 
Finally, it should be noted that, "measures of overall 
fit of the model to the data do not express the quality of 
the model judged by any other internal or external criteria. 
For example, it can happen that the overall fit of the model 
is very good but with one or more relationships in the model 
very poorly determined ... " (Joreskog & Sorbom, 1989, p.27) 
This statement must be kept in mind while assessing the 
validity of the model. 
Longitudinal Analysis of Panel Data 
To address the impact of change over time on the 
volume-outcome relationship, the stability of the 
measurement model for volume was tested according to the 
structural relationship: 
Tlt2 = {37Jtl + ( 
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where Tltt is the latent variable at time 1 ( 1988) and 7Jt2 
is the same latent variable at time 2 (1990). A {3 
coefficient close to 1.0 indicates the stability (i.e., a 
concomitant rise, fall, or no change in all indicator 
variables) of measurement from time 1 to time 2. The null 
hypothesis is H0: {3 = 1; therefore, the research question 
to be tested is whether there is stability in volume over 
time. Figure 7 shows the panel model for volume. 
The stability of outcome from 1988 to 1990 required a 
separate analysis of each of the risk-adjusted mortality 
rates for the five surgical procedures. Chapter 4 presents 
a detailed explanation for analyzing each surgical procedure 
independently. Since the structural equation model for each 
surgical outcome consisted of only one indicator variable 
for each time period, there existed only one function of the 
covariances by which the beta coefficient could be 
calculated. As a result, the coefficient was exactly 
identified, and the beta coefficient was the same as the 
correlation coefficient between mortality rates at time 1 
and time 2. Consequently, the stability of the five 
Figure 7. Panel Model for 
Volume Construct 
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surgical outcomes was first examined by a review of the 
correlation coefficients. A correlation coefficient near 
1.0 would indicate mortality rates were positively 
associated between 1988 and 1990. 
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Further investigation of the change in volume and 
outcome was conducted with the use of a paired t-test. This 
procedure computed the differences in the volume of each 
surgical procedure and the differences in the mortality 
rates of each surgical procedure from time 1 to time 2 for 
each hospital. The differences were then summed over all 
hospitals and divided by the number of hospitals to get an 
overall average or expected value of the differences. The 
null hypothesis was that the average difference was zero, 
meaning no change in volume or mortality rate from 1988 to 
1990. 
The null and alternate hypotheses for the two-tailed 
test are written as: 
H0: d 0 
Ha: d � 0 
The decision rule is to reject the null hypothesis when the 
t statistic is greater than or equal to 1.96 or less than or 
equal to -1.96 at a = 0.05 level of significance. 
Finally, to assess the impact of volume on outcome, 
holding constant the effect of outcome in the prior period, 
a panel regression model was specified as: 
Yi = a + f3lxli + f32x2i + f33xlix2i + E 
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where Yi was the risk-adjusted mortality rate in 1990 for 
surgical procedure i, xli was the log of volume in 1990 for 
surgical procedure i, x2i was the risk-adjusted mortality 
rate in 1988 for surgical procedure i, and x1ix2i was the 
interaction term for volume and outcome. The objective of 
the regression analysis was to control for the effect of 
outcome in the prior period, particularly its interaction 
with volume (i.e., a selective-referral effect), to 
ascertain the true strength of the volume-outcome 
relationship. This was achieved by examining the sign and 
statistical significance of the parameter estimate, �1. If 
negative and significant, then one could conclude that lower 
mortality rates were explained by higher volumes, even after 
taking into account the mortality rate experience in the 
prior time period. 
Summary 
This chapter presented the research methodology and the 
measurement of the study variables. Empirical results are 
presented in the following chapter. 
CHAPTER 4 - RESULTS 
Introduction 
This chapter contains the results of the empirical 
analysis conducted in this research. Descriptive 
statistics, results from the confirmatory analysis, and 
results from the structural equation model are presented. 
Descriptive Statistics for the 
Cross-sectional Model 
The means, standard deviations, and ranges for the 
continuous variables used in the cross-sectional analysis 
are found in Table 2, and the frequency distributions for 
ordinal variables are presented in Table 3. Table 2 also 
contains skewness and kurtosis statistics for the continuous 
variables. Skewness values near zero indicate no skewness, 
and kurtosis values less than three indicate an acceptable 
level of kurtosis. As can be seen from the table, many 
variables are skewed and have kurtosis. The variable, ROA, 
has serious problems with skewness and kurtosis. Also 
noteworthy are the skewness and kurtosis values for the five 
outcome variables, PI_DEV15, CE DEV15, HR_DEV15, HF DEV15, 
and CH DEV15. 
The test for normality is computed using the Shapiro-
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0.955* 1.331 0.000 
0.976* 0.530 0.693 
0.659* 68.237 -1.295 
0.710* 72.832 -2.060 
0.068*460.852 -1.066 
0.873* 4.553 29.000 
0.657* 4.200 0.000 
0.983* -0.150 1.000 
0.984* 0.193 21.368 
0.948* 2.894 0.000 
0.828* 1.132 0.000 
0.848* 1.573 0.000 
0.949* 3.077 0.828 
0.926* 6.522 420.755 
0.979* 1.525 0.311 
0.911* 1.292 0.960 
0.909* 3.264 0.000 
0.487* 60.357 -1.000 
0.286* 40.279 -1.000 
0.647* 67.923 -1.000 
0.645* 48.386 -1.000 




























0.05 level; rej ect H0: distribution is normal 
Table 3 
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Freguency Statistics for Ordinal Variables 
Cumulative Cumulative 
Variable Frequency Percent Frequency Percent 
HOS TYPE 
12 34 1.9 34 1.9 
13 68 3.9 102 5.8 
14 20 1.1 122 7.0 
15 8 0.5 130 7.4 
16 95 5.4 225 12.8 
21 353 20.1 578 33.0 
23 1011 57.7 1589 90.7 
32 9 0.5 1598 91.2 
33 154 8.8 1752 100.0 
JCAHO N 
0 75 4.3 75 4.3 
1 1677 95.7 1752 100.0 
COTH N 
0 1527 87.2 1527 87.2 
1 225 12.8 1752 100.0 
OS TEO N 
0 1692 96.6 1692 96.6 
1 60 3.4 1752 100.0 
SYSTEM N 
0 968 55.3 968 55.3 
1 784 44.7 1752 100.0 
REGION N 
0 1 0.1 1 0.1 
1 107 6.1 108 6.2 
2 295 16.8 403 23.0 
3 307 17.5 710 40.5 
4 330 18.8 1040 59.4 
5 104 5.9 1144 65.3 
6 132 7.5 1276 72.8 
7 201 11.5 1477 84.3 
8 73 4.2 1550 88.5 
9 202 11.5 1752 100.0 
MSA SIZE 
0 301 17.2 301 17.2 
1 45 2.6 346 19.7 
2 260 14.8 606 34.6 
3 222 12.7 828 47.3 
4 288 16.4 1116 63.7 
5 373 21.3 1489 85.0 
6 263 15.0 1752 100.0 
LIAISON 
0 1035 59.1 1035 59.1 
1 717 40.9 1752 100.0 
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Wilk statistic for the null hypothesis that the data values 
are a random sample from a normal distribution. The test 
statistic, W, must be sufficiently close to one and have p­
values greater than 0.05 so that the null hypothesis cannot 
be rejected. As seen in the table, the p-values indicate 
that the null hypothesis must be rejected for every 
variable. 
A matrix of polyserial, polychoric, and Pearson 
product-moment correlations is presented in Table 4. The 
table in Appendix B contains tests of significance for all 
correlations. Polyserial correlations are computed between 
ordinal and continuous variables. Polychoric correlations 
are computed between two ordinal variables. Product-moment 
correlations are computed between two continuous variables. 
Correlations between volume variables for the five 
procedures are positive, significant, and high (close to 
1.0); however, the same associations among the risk­
adjusted mortality rates do not exist. The correlations 
among the mortality rates are often negative or 
insignificant. Another notable association is the 
correlation between the variable, average length of stay 
(ALOS) and the risk-adjusted mortality rate of each of the 
five surgical procedures. In all cases, the correlation is 
negative which is interpreted as longer average lengths of 
stay are associated with lower mortality rates. This 
finding deviates substantially from other research which has 
Table 4 
Correlations and Test Statistics 
(Pearson Product Moment, Polychoric, Polyserial) 
n=l752 
PI VOL CE VOL HR VOL HF VOL CH VOL CASH FLOW OP MAR ROA HOS TYPE JCAHO N 
PI VOL 1.000 
CE-VOL 0.564 1.000 
HR-VOL 0.624 0.563 1.000 
HF-VOL 0.601 0.432 0.682 1.000 
CH-VOL 0.676 0.598 0.736 0.694 1.000 
CASH FLOW 0.249 0.280 0. 309 0.163 0.275 1.000 
OP MAR 0.073 0.129 0.108 0.101 0.154 0.335 1.000 
ROA 0.039 0.044 0.024 0.026 0.036 0.049 0. 045 1.000 
HOS TYPE -0.032 -0.079 -0.049 0.018 -0.023 -0.077 0.127 -0.023 1.000 
JCAHO N 0.173 0.137 0.177 0.155 0.202 0.153 -0.021 -0.091 -0.098 1.000 
COTH-N 0.206 0. 148 0.243 0.017 0.030 0.229 -0.259 0.001 -0.255 0.423 
OSTEO-N -0.247 -0.255 -0.226 -0.213 -0.344 -0.147 0.052 0.058 0.160 -0.851 
SYSTEM-N 0.138 0.173 0.126 0.109 0.157 0.096 0.062 0.046 0.196 -0.054 
REGION-N -0.117 0.067 -0.005 -0.097 -0.066 0.053 0.082 -0.004 -0.098 0.043 
MSA SIZE 0.186 0.020 0.094 0.132 0.026 0.095 -0.134 0.033 0.125 -0.115 
BEDS 0.529 0.437 0.518 0.379 0.474 0. 416 -0.136 0.021 -0.146 0.254 
SUR SPEC 0.375 0.287 0.361 0.298 0.296 0.161 -0.043 0.004 0.009 0.171 
MED-SPEC 0.383 0.305 0. 372 0.323 0.343 0.131 -0.019 0.005 0.040 0.188 
OTH-SPEC 0.364 0.280 0.386 0.291 0. 312 0.174 -0.087 0.026 -0.027 0.093 
TOT-SERV 0.339 0.284 0.392 0.292 0.304 0.274 -0.083 0. 011 -0.145 0.138 
LIAISON 0.260 0.173 0.238 0. 215 0.212 0.125 -0.020 0.002 -0.093 -0.286 
PCT RN 0.091 0.125 0.197 0.061 0.033 0.132 -0.028 0.012 0.033 0.140 
BD CERT 0.167 0.146 0.295 0.192 0.199 0.133 0.025 0.023 -0.040 0.361 
CR-CARE 0. 351 0.333 0.378 0.224 0.298 0. 382 -0.100 0.013 -0.229 0.235 
HT-INDX 0. 354 0.385 0.400 0.142 0.275 0. 412 -0.097 0.029 -0.211 0.238 
ALOS 0.249 0.082 0.109 0.129 0.109 0.057 -0.161 -0.006 -0.033 0.021 
RN PTDAY -0.099 0.053 0.050 -0.109 -0.071 0.092 0.044 -0.024 -0.077 0.051 
OPEX PO -0.104 -0.015 0.009 -0.154 -0.203 0.098 -0.090 -0.002 0.030 -0.023 
NURS BED 0.171 0.185 0.208 0.105 0.192 0.170 0.019 -0.019 -0.245 0.133 
CMINDEX 0.403 0.427 0.418 0.160 0.261 0.308 -0.048 0. 034 -0.057 0.149 
ICU DAYS 0.189 0.221 0.179 0.086 0.124 0. 213 0.005 0.016 -0.182 0.129 





Table 4 (continued) 
COTH_N OSTEO_N SYSTEM N REGION N MSA_SIZE 
-
CE DEV15 0.014 0.032 0.016 0.039 0.022 
HR-DEV15 -0.009 0.008 0.015 -0.020 -0.031 
HF-DEV15 -0.073 -0.011 -0.063 -0.075 -0.062 
CH:::DEV15 -0.068 -0.020 -0.036 -0.015 -0.040 
COTH N OSTEO_N SYSTEM N REGION_N MSA_SIZE 
----
COTH N 1.000 
OSTEO-N -0.384 1.000 
SYSTEM-N -0.144 0.022 1.000 
REGION-N -0.253 -0.097 0.226 1.000 
MSA_SIZE 0.372 0.153 0.128 -0.104 1.000 
BEDS 0.694 -0.243 0.096 -0.128 0.299 
SUR SPEC 0. 317 -0.122 0.169 -0.050 0.439 
MED-SPEC 0.114 -0.163 0.180 -0.032 0.334 
OTH-SPEC 0.463 0.032 0.114 -0.063 0.333 
TOT-SERV 0.572 -0.077 0.099 -0.080 0.195 
LIAISON 0.237 0.253 0.037 -0.215 0.226 
PCT RN 0.335 -0.093 0.143 0.048 0.297 
BD CERT 0.198 -0.329 -0.027 -0.022 -0.003 
CR-CARE 0.639 -0.238 0.006 0.004 0.167 
HT-INDX 0.663 -0.219 0.087 0.087 0.168 
ALOS 0.437 -0.001 -0.008 -0.383 0.278 
RN PTDAY 0. 163 -0.078 0.042 0.237 0.010 
OPEX PD 0. 371 0.023 0.126 0.328 0.248 
NURS BED 0.392 -0.174 -0.146 0.003 0.029 
CMINDEX 0.561 -0.203 0.164 0.153 0.187 
ICU DAYS 0.289 -0.076 0.036 0. 143 0.060 
PI DEV15 -0.033 0.125 0.029 -0.004 -0.064 
CE-DEV15 -0.038 0.034 0.022 0.017 -0.046 
HR-DEV15 -0.005 0.030 0.028 0.045 0.025 
HF-DEV15 0.032 0.077 -0.057 0.041 -0.014 




























SUR SPEC MED_SPEC OTH_SPEC 
0.025 -0.009 0.012 
-0.027 0.026 0.026 
0.004 0.007 -0.019 
0.017 0.007 -0.036 
SUR SPEC MED SPEC OTH_SPEC 
1.000 
0.659 1.000 
0.517 0 524 1.000 
0. 348 0.298 0.423 
0.219 0.240 0.292 
0.274 0.226 0.268 
0.168 0.138 0.117 
0. 314 0.264 0.358 
0. 319 0.237 0.360 
0.234 0.176 0.292 
0.015 -0.016 -0.007 
0.110 0.068 0.104 
0.122 0.081 0.087 
0.328 0.245 0.319 
0.174 0.133 0.163 
0.014 -0.026 -0.041 
-0.008 -0.023 -0.015 
0.059 0.026 0. 011 
-0.026 -0.029 -0.023 




























Table 4 (continued) 
LIAISON PCT RN BD CERT CR CARE 
LIAISON 1.000 
PCT RN 0.053 1.000 
BD CERT 0.023 0.202 1.000 
CR-CARE 0.250 0.169 0.179 1.000 
HT-INDX 0.133 0.234 0.209 0.591 
ALOS 0.242 -0.043 -0.024 0.183 
RN PTDAY -0.115 0.550 0.165 0.109 
OPEX PO -0.074 0.425 0.105 0.131 
NURS BED 0.107 -0.005 0.165 0.290 
CMINDEX 0.114 0.276 0.205 0.473 
ICU DAYS 0.079 0.154 0.113 0.519 
PI DEV15 -0.024 -0.006 0.012 0.006 
CE-DEV15 -0.017 -0.003 -0.022 -0.005 
HR-DEV15 -0.046 0.062 -0.002 0.003 
HF-DEV15 -0.034 -0.005 -0.034 0.027 
CH-DEV15 0.025 -0.023 -0.034 -0.059 
ICU DAYS PI DEV15 CE DEV15 HR DEV15 
ICU DAYS 1.000 
PI DEV15 0.006 1.000 
CE-DEV15 0.003 0.039 1.000 
HR-DEV15 0.021 -0.011 -0.037 1.000 
HF-DEV15 0. 017 0.046 -0.014 0.094 
CH-DEV15 -0.037 -0.031 0.002 0.040 
HT INDX ALOS RN PTDAY 
1.000 
0.185 1.000 
0.196 -0.401 1.000 
0.293 -0.333 0.594 
0.316 -0.033 0.524 
0.660 0.186 0.233 
0.342 -0.051 0.233 
-0.005 -0.026 -0.010 
-0.016 -0.031 0.007 
0.026 -0.059 0.068 
0. 014 -0.044 0.046 
-0.001 -0.078 0.035 



























found longer lengths of stay to be associated with higher 
mortality rates (Al-Haider & Wan, 1991; Flood et al., 1979; 
Goldfarb & Coffey, 1987; Scott et al., 1979; Shortell & 
Hughes, 1988; Wan, 1992) 
Regression Analysis of Volumes and Outcomes 
For each of the five procedures under study, a simple 
analysis of the volume-outcome relationship was conducted by 
fitting regression lines to the observed (actual) mortality 
rates and volume, to the predicted rate and volume, and to 
the risk-adj usted rate and volume. These are displayed 
graphically by surgical procedure in Figures 8 through 12. 
The purpose was to provide a basis of comparison for 
understanding the simple volume-outcome relationship for 
each surgical procedure and the complex volume-outcome 
relationship in the expanded, theoretical model. 
The downward sloping regression line (HF OB15 = 4.869 -
0.476*HF_VOL) and its 95% confidence interval for the 
observed mortality rate in Figure 8, reveals the 
hypothesized volume-outcome relationship for hip fracture 
cases where actual mortality rates decline as volume 
increases. The predicted mortality rates are upward sloping 
(HF_PR15 = 3.357 + 0.068*HF_VOL), intersecting the line of 
the observed rates where the log of volume equals 
approximately 2.8. The graph can be interpreted as follows: 
at low levels of volume, the observed mortality rate is 
Hip Fracture Mortality Rates and Volume of Cases 
























__ =zobs. __ =prea. 
____ =(obs.-pred.)/pred. 
Figure 8. R99ression Lines of ObseiVed (wnh 95% C.f.) and 
PrediCted Mortality Rates to Log of Volume 
6 
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Carotid Endarterectomy Mortality Rates and Volume of Case 





































I __ �obs. __ =pred. 
I _____ =(obs.-pred.)/pred. 
Figure 10. Regresson Lines of Observed (with 95% C.l.) and 
Predicted Mortality Rates to Log of Volume 
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0 2 3 4 
PI_ VOL 
__ =oos. __ =pred. 
____ =(obs.-pred.)/pred. 
Figure 11. Regression Lines of Observed (w�h 95% C.l.) and 
Predic1ed Mortality Rates to Log of Volume 
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__ =obs. __ =pred. 
____ �(obs.-pred.)/pred. 
Figure 12. Regression Lines of Observed (with 95% C.l.) and 




greater than predicted, indicating that the hypothesized 
volume-outcome relationship exists for hip fracture 
patients, even after accounting for patient risk factors. 
The inverse is true at high volume levels where there are 
lower than expected mortality rates. The risk-adjusted 
volume-outcome relationship is shown in the significant (p­
value of parameter estimate is 0.001) downward sloping line 
(HF DEV15 = 0.450 - 0.157*HF_VOL) of the risk-adjusted 
mortality rate, located near the bottom of the graph. This 
is interpreted as mortality rates being higher than one 
would expect in low volume hospitals for a given level of 
patient risk. Figure 9 shows a similar relationship for 
cholecystectomy where the risk-adjusted mortality rate is 
marginally significant (p-value = 0.065) and downward 
sloping (CH_DEV15 = 0.362 - 0.110*CH VOL). 
At the other extreme is the upward sloping regression 
line (CE DEV15 = -0.279 + 0.115*CE VOL) for the risk­
adjusted mortality rate of carotid endarterectomy procedures 
and volume (Figure 10) . The fitted regression line for 
predicted mortality rates falls within the 95% confidence 
interval of the regression line for the observed mortality 
rates. This means that the predicted rates are not 
significantly different than the observed. Overall, the 
risk-adjusted mortality rates for carotid endarterectomy are 
lower where volumes are lower, and risk-adjusted mortality 
rates are higher where volumes are higher; however, the 
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parameter estimate for volume is not significant. Pacemaker 
insertion (Figure 11) and hip replacement (Figure 12) reveal 
a similar pattern (PI DEV15 = -0.222 + 0.027*PI_VOL, 
HR DEV15 = -0.026 + 0.004*HR_VOL) 
Measurement Model of Exogenous Variables 
The conceptual model proposed that two latent 
variables, volume and resource availability, have an effect 
on a hospital's structure, process, and outcome. The 
exogenous variable, average length of stay, was included in 
the measurement model because of its hypothesized causal 
relationship with the process of care. Average length of 
stay was also hypothesized to have a negative correlation 
with the latent variable, volume. The additional seven 
hospital and environment control variables were assumed to 
be measured without error and were not included in the 
measurement model. Confirmatory factory analysis using 
maximum likelihood in LISREL 7 was performed to validate the 
measurement model. 
The measurement model is shown in Figure 5 and the 
results of the confirmatory factor analysis are presented in 
Table 5. Nine indicator variables are used to validate the 
two latent constructs and the variable, average length of 
stay. Factor loadings or lambda coefficients indicate the 
strength of the relationship between indicator variable and 
latent construct. The standardized factor loadings for 
Table 5 
Measurement Model of Exogenous Latent Variables 
LISREL Estimates (Maximum Likelihood) 
Completely Standardized Solution 
LAMBDA X 
ALOS VOLUME RESOURCE 
ALOS 1.000 0.000 0.000 
PI VOL 0.000 0.742** 0.000 
CE
-
VOL 0.000 0.677** 0.000 
HR VOL 0.000 0.847** 0.000 
HF-VOL 0.000 0.803** 0.000 
CH-VOL 0.000 0.866** 0.000 
CASH FLOW 0.000 0.000 0.966** 
OP MAR 0.000 0.000 0.352** 
-
ROA 0.000 0.000 0.050' 
PHI 
ALOS VOLUME RESOURCE 
ALOS 1.000** 
VOLUME 0.134** 1. 000** 
RESOURCE 0.000 0.352** 1.000* 
THETA DELTA 
ALOS PI VOL CE VOL -
ALOS 0.000 
PI VOL 0.147** 0.450** 
CE VOL 0.000 0.062** 0.541** 
HR-VOL 0.000 0.000 0.000 
HF VOL 0.000 0.000 -0.113** 
CH-VOL 0.000 0.034* 0.000 
CASH FLOW 0.064* 0.000 0.050* 
OP MAR -0.153** 0.000 0.049* 
-ROA 0.000 0.000 0.000 
THETA DELTA 
CASH FLOW OP MAR ROA 
CASH FLOW 0.068 








SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL HF VOL 
1.000 0.550 0.459 0. 717 0.645 
CASH FLOW OP MAR ROA 















CHI-SQUARE WITH 16 DEGREES OF FREEDOM 18.35 (P .304) 
GOODNESS OF FIT INDEX =0.998 
ADJUSTED GOODNESS OF FIT INDEX =0.993 
ROOT MEAN SQUARE RESIDUAL =0.011 
S gn f cant at a 
• S gn f cant at a 
S gn f cant at a 
0.001 level of significance 
0.05 level of significance 
0.10 level of significance 
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volume show high values for all five procedures. The factor 
loadings for resource availability are not quite as high. 
Only one indicator variable, CASHFLOW, has a standardized 
factor loading greater than 0.5, and is significant at a = 
0.05 level of significance. The indicator variable ROA is 
only marginally significant at a = 0.10 level of 
significance. The phi matrix, indicating the correlation 
between exogenous latent constructs, reveals positive and 
significant correlations between average length of stay and 
volume and between volume and resource availability. 
Several of the error terms are significantly correlated, and 
these results are presented in Table 5. 
The goodness-of-fit statistics for the measurement 
model reveal a good model fit where the chi-square (X2) 
statistic is equal to 18.35 with a p-value of 0.304. The 
chi-square to degrees of freedom ratio (x2/d.f.) is 1.15, 
indicating a very good model fit indeed. (A ratio value of 
five or less indicates a good model fit). The goodness-of­
fit index (GOF) is 0.998 and the adjusted goodness-of-fit 
index (AGOF) is 0.992. Values close to one reveal a good 
model fit. The root mean square residual is quite small at 
a value of 0.011. Values close to zero are desirable. 
Measurement Model of Endogenous Variables 
Confirmatory factor analysis was performed for each 
endogenous latent construct: structure, process, and 
outcome. 
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Each construct was analyzed individually because 
of the hypothesized recursive causal relationship from 
structure to process to outcome. Figure 6 displays the 
measurement model of latent endogenous variables. 
Measurement Model for Structure 
The measurement model for structure is first analyzed 
with eight indicator variables to measure structure. The 
results are presented in Table 6. The x2/d.f. ratio of 2.5 
indicates a good model fit, confirmed by the GOF of 0.997 
(AGOF is 0.987). The total coefficient of determination for 
x-variables is high at 0.888, which means that a substantial 
portion of the variation is explained by these variables. 
The standardized factor loadings are all significant at a 
0.05 level of significance; however, the values for 
LIAISON, PCT_RN, and BD_CERT are small, suggesting that the 
measurement model may be improved without them. 
The revised measurement model with five indicator 
variables, excluding LIAISON, PCT_RN, and BD_CERT, shows a 
substantial improvement in model fit with a x2/d.f. ratio of 
1.51, GOF of 1.0 and AGOF of .998. The coefficient of 
determination for x-variables is slightly smaller than in 
the original model, but this is due primarily to a smaller 
number of variables in the model. The results of the 
revised measurement model for structure are shown in Table 
7. 
Table 6 
Original Measurement Model of Endogenous Latent Variable: 
Structure 
LISREL Estimates (Maximum Likelihood) 




SUR SPEC 0.426** 
-
TOT SERV 0.599** 
LIAISON 0.308** 
PCT RN 0.290** 
BD CERT 0.267** 
CR CARE 0.754** -










SUR SPEC 0.000 0.818** 
TOT
-
SERV 0.000 0.092** 0.641** 
LIAISON 0.000 0.094** 0.090** 
PCT RN -0.081** 0.149** 0.072** 





BD CERT -0.106** 0.000 0.000 -0.065* 0.110** 0.928** -
CR CARE 0.000 0.000 0.000 0.000 -0.042* 
-
HT INDX 0.000 0.000 0.000 -0.106** 0.000 
THETA DELTA 
CR CARE HT INDX 
-
-
CR CARE 0.432** 
-
HT INDX 0.000 0.399** 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
BEDS SUR SPEC TOT SERV LIAISON PCT RN 
0.770 0.182 0.359 0.095 0.084 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
CR_CARE HT INDX 
0.568 0.601 
TOTAL COEFFICIENT OF DETERMINATION FOR X - VARIABLES IS 0.888 
CHI-SQUARE WITH 9 DEGREES OF FREEDOM : 
GOODNESS OF FIT INDEX :0.997 
ADJUSTED GOODNESS OF FIT INDEX :0.987 
ROOT MEAN SQUARE RESIDUAL :0.014 
significant at a 
* significant at a 
0.001 level of significance 








Revised Measurement Model of Endogenous Latent Variable: 
Structure 
LISREL Estimates (Maximum Likelihood) 







































SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
BEDS SUR SPEC TOT SERV CR CARE HT INDX 
0.762 0.177 0.372 0.581 0.599 
TOTAL COEFFICIENT OF DETERMINATION FOR X - VARIABLES IS 0.874 
CHI-SQUARE WITH 3 DEGREES OF FREEDOM = 
GOODNESS OF FIT INDEX =1.000 
ADJUSTED GOODNESS OF FIT INDEX =0.998 
ROOT MEAN SQUARE RESIDUAL =0.004 
significant at a 0.001 level of significance 
* significant at a = 0.05 level of significance 
1. 51 (P .680) 
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Measurement Model for Process 
The second latent endogenous variable is the construct 
of process. Five observable indicator variables are used to 
measure process, and these are shown in Figure 6. The 
results of the confirmatory factor analysis are presented in 
Table 8. All parameter estimates are significant, and the 
X2/d.f. ratio is 0.37. The GOF index is 1. 0, the AGOF is 
0.999, and the root mean square residual is 0.004. All of 
these measures taken together indicate a very good model 
fit. 
Measurement Model for Outcome 
The measurement model for outcome, using as indicator 
variables the risk-adjusted mortality rate for each of the 
five surgical procedures in the study, is problematic 
because of the mixed positive and negative correlations 
between the indicator variables. An attempt to analyze the 
model gives the following results: x2/d.f. ratio equal to 
0. 56; GOF equal to 1. 0, and AGOF equal to 0. 998. Results 
of the analysis are shown in Table 9. Although the 
goodness-of-fit statistics are at desirable levels, none of 
the factor loadings are significant at the � = 0.05 level of 
significance, and the error terms for each indicator 
variable are very close 1. 0. This means very little of the 
common variation of the latent construct is explained by the 
indicator variables. 
A subsequent attempt was made to analyze subsets of the 
Table 8 
Measurement Model of Endogenous Latent Variable: 
LISREL Estimates (Maximum Likelihood) 
Completely Standardized Solution 
LAMBDA X 
PROCESS 
RN PTDAY 0.389** 
OPEX PD 0.405** 
NURS BED 0.405•• 
CMINDEX 0.617•• 


























SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
RN PTDAY OPEX PD NURS BED CMINDEX ICU DAYS 
0.151 0.164 0.164 0.380 0.352 
TOTAL COEFFICIENT OF DETERMINATION FOR X - VARIABLES IS 0.593 
CHI-SQUARE WITH 2 DEGREES OF FREEDOM = 
GOODNESS OF FIT INDEX = 1.000 
ADJUSTED GOODNESS OF FIT INDEX = 0.999 
ROOT MEAN SQUARE RESIDUAL =33.720 
•• significant at a 0.001 level of significance 
• significant at a =  0.05 level of significance 
0. 74 (P . 691) 
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Table 9 
Measurement Model of Endogenous Latent Variable: 
LISREL Estimates (Maximum Likelihood) 












































SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
PI DEV15 CE DEV15 HR DEV15 HF DEV15 CH DEV15 
0.002 0.006 0.136 0.064 0. 013 
TOTAL COEFFICIENT OF DETERMINATION FOR X - VARIABLES IS 0.200 
CHI-SQUARE WITH 3 DEGREES OF FREEDOM = 
GOODNESS OF FIT INDEX =1.000 
ADJUSTED GOODNESS OF FIT INDEX =0.998 
ROOT MEAN SQUARE RESIDUAL =0.008 
•• significant at a 
• significant at a 
0.001 level of significance 
0.05 level of significance 
1. 68 ( p . 641) 
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observed data. A measurement model consisting of the two 
orthopedic procedures, hip replacement and hip fracture, was 
specified, but could not be analyzed using LISREL 7 because 
the sigma matrix was not positive definite. Other 
combinations yielded the same result. 
The Cross-Sectional Structural Equation Model 
The structural equation model depicts the relationships 
between average length of stay, volume, resource 
availability, structure, process, and outcome. The results 
of the confirmatory factor analysis of the measurement model 
for outcome do not allow for this endogenous latent variable 
to be measured by the risk-adjusted mortality rates of all 
five surgical procedures. Rather, each procedure must be 
analyzed individually. 
The results of the earlier regression analysis suggest 
that the hypothesized volume-outcome relationship exists 
most strongly for hip fracture cases; therefore, the 
structural equation model is first specified for this 
surgical procedure. The structural equation model is then 
applied to the remaining four procedures. 
The Original Specification 
The original structural equation model is shown in 
Figure 4 in Chapter 3. It depicts the relationships between 
the determinants of hospital structure, process, and 
outcome. Volume has a direct causal effect on structure, 
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process, and outcome. Average length of stay has an 
indirect effect on outcome through its direct effect on 
process. Resource availability affects structure directly. 
The latent variable, outcome, cannot be included in the 
structural equation model as originally specified because 
the indicator variables for mortality rates of the five 
different surgical procedures do not "hang together." 
Structural Equation Model for Hip Fracture Procedure 
In a preliminary model run, OP_MAR and ROA were found 
to have negative lambda coefficients for resource 
availability, and ROA was not statistically significant. 
The direction of the sign for the lambda coefficients 
differed from that in the confirmatory factor analysis of 
the measurement model for the exogenous latent variables. 
Consequently, OP MAR and ROA were eliminated from subsequent 
analysis. 
The results of the structural equation model for hip 
fracture cases are shown in Table 10. The completely 
standardized solution reveals some interesting results. 
First, the standardized factor loading for CMINDEX on 
process is insignificant while it is a highly significant 
indicator for structure. This is interpreted as case mix 
index is a more meaningful measure of technical complexity 
than resource consumption. Second, the estimates for the 
beta coefficients are in the hypothesized direction; 
however, gamma estimates reveal an unexpected result. The 
Table 10 155 
Structural Equation Model - Original Specification 
Hip Fracture Procedure 
LISREL Estimates (Maximum Likelihood) 































































** significant at a 






























































0.001 level of significance 
0.05 level of significance 
(table continues) 
















































































































































SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR SPEC TOT SERV CR CARE 
0.897 0.221 0.425 0. 291 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
OPEX PO NURS BED CMINDEX ICU DAYS 






































Table 10 (continued) 157 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL HF VOL CH VOL 
1.000 0. 712 0.527 0.643 0.352 0.637 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
CASH FLOW 
1.000 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0.464 0.560 0.006 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.738 
CHI-SQUARE WITH 94 DEGREES OF FREEDOM = 1269.88 (P = .000) 
GOODNESS OF FIT INDEX =0.929 
ADJUSTED GOODNESS OF FIT INDEX =0.870 
ROOT MEAN SQUARE RESIDUAL =0.086 
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gamma coefficient for volume to process is negative, meaning 
that higher volumes lead to less service intensity and 
resource consumption on a per patient day basis. The model 
fit statistics indicate only a moderate model fit where the 
X2/d.f. ratio is 13.51, GOF is 0.929, AGOF is 0.870, and the 
root mean square residual is 0.086. A high value of 0.738 
for the total coefficient of determination for structural 
equations indicates that a substantial portion of the 
variation in the endogenous latent variables is explained by 
the structural equations. 
The Revised Model - Hip Fracture Procedure 
The model fit for the original specification of the 
structural equation model was only moderate; therefore, the 
results were evaluated to determine if other parameters 
could be estimated which would improve model fit. This 
exercise was conducted within the constraint of maintaining 
the theoretical integrity of the model. A review of the 
correlation matrix of eta (�) on ksi (<) showed a 
substantial positive correlation between average length of 
stay and structure. The gamma coefficient was then 
estimated in a subsequent model run to determine the 
significance of this relationship. The inclusion of the 
causal relationship between average length of stay and 
structure was justified by the following rationale: long 
lengths of stay may be due, in part, to sicker patients. 
Sicker patients are typically treated in large, specialized, 
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technologically sophisticated hospitals; therefore, the 
impact of average length of stay on structure is a positive 
one where longer lengths of stay lead to more structurally 
differentiated and technologically sophisticated hospitals. 
The parameter estimates and goodness-of-fit statistics 
for the revised model, incorporating a causal path from 
average length of stay to structure, are found in Table 11. 
The results differ from the original model in several ways. 
First, the fit of the model is greatly improved with a 
x2/d.f. ratio of 10.74. The GOF, AGOF, and root mean square 
residual are 0.942, 0.893 and 0.082, respectively. These 
statistics suggest a good model fit, especially considering 
the complexity of the model and the large degrees of 
freedom. Additionally, the large number of observations 
(n=1751) causes the x2 statistic to be large, and heightens 
the sensitivity of detecting differences between the E 
matrix implied by the theoretical model and the E matrix 
represented by the sample data. The total coefficient of 
determination for structural equations is 0.722 which 
indicates a substantial portion of the variation is 
explained by the causal relationships. 
A review of the standardized parameter estimates shows 
lambda coefficients to be quite similar to those in the 
original model. A major exception is the significant factor 
loading of CMINDEX on process. In the revised model, 
CMINDEX is a significant measure of both structure and 
Table 11 160 
Structural Equation Model - Revised Specification 
Hip Fracture Procedure 
LISREL Estimates (Maximum Likelihood) 


































































** significant at 0/ 
































0.001 level of significance 
0.05 level of significance 
(table continues) 




















































































































































TOT SERV CR CARE 
0.432 0.283 












































Table 11 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL HF VOL CH VOL 
1.000 0.759 0.576 0. 715 0.338 0.604 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
CASH FLOW 
1.000 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0. 513 0.441 0.006 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.722 
CHI-SQUARE WITH 93 DEGREES OF FREEDOM = 
GOODNESS OF FIT INDEX =0.942 
ADJUSTED GOODNESS OF FIT INDEX =0.893 
ROOT MEAN SQUARE RESIDUAL =0.082 
998.80 (P .000) 
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process representing the dimensions of technical complexity 
and resource consumption. The total and indirect effects of 
latent variables are shown in Table 12. 
Table 12 
Total and Indirect Effects of Latent Variables 
Hip Fracture Procedure 





0.290 ( 0.000) 
-0.370 ( 0.161) 
-0.023 (-0.023) 
VOLUME 
0.650 ( 0.000) 
-0.059 ( 0.360) 
-0.072 (-0.004) 





0.000 ( 0.000) 0.000 (0.000) 
0.554 ( 0.000) 0.000 (0.000) 









As seen from the table, average length of stay has a strong 
positive and direct effect on structure. Interestingly, 
average length of stay has a strong, negative, direct effect 
on process while at the same time has a positive, indirect 
effect through structure. Structure has a noticeable 
positive, indirect effect on outcome, but its direct effect 
on process is much stronger. 
The Revised Model - Cholecystectomy Procedure 
The results of the structural equation model using 
risk-adjusted mortality rates of cholecystectomy patients 
for the outcome construct are very similar to the results of 
the hip fracture model (Table 13). The X2/d.f. ratio is 
Table 13 164 
Structural Equation Model - Revised Specification 
Cholecystectomy Procedure 
LISREL Estimates (Maximum Likelihood) 





























































































































significant at a - 0.001 level of significance 
* significant at a 0.05 level of significance 
(table continues) 



















































































































CASH FLOW 0.000 



























SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR SPEC TOT SERV CR CARE 
0.934 0.228 0.432 0.283 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
OPEX PD NURS_BED CMINDEX ICU_DAYS 
0.504 0.022 0.535 0.065 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL 
1.000 0.760 0.577 0. 713 
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0. 3 54 1.000 




HF VOL CH VOL 
0.336 0.603 
(table continues) 
Table 13 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
CASH FLOW 
1.000 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTUR PROCESS OUTCOME 
0. 513 0.441 0.003 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.722 
CHI-SQUARE WITH 93 DEGREES OF FREEDOM 1008.44 (P =.000) 
GOODKESS OF FIT INDEX =0.942 
ADJUSTED GOODNESS OF FIT INDEX =0.893 
ROOT MEAN SQUARE RESIDUAL =0.083 
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slightly higher at 10.84, but the GOF, AGOF, and root mean 
square residual are the same. The total coefficient of 
determination for structural equations is 0.722, which is 
identical to the hip fracture data. The standardized 
parameter estimates in cholecystectomy model are of the same 
direction and magnitude as those in the hip fracture model 
with one major exception: the causal path from process to 
outcome is not significant in the cholecystectomy model. 
Thus, the variation in cholecystectomy deaths is explained 
by variation in volume directly, although the variation 
explained is quite small where the standardized gamma 
coefficient is -0.052. 
The total and indirect effects for latent variables in 
the cholecystectomy model are of the same magnitude and 
direction as hip fracture, with the exception of process to 
outcome. These effects are presented in Table 14. 
Table 14 
Total and Indirect Effects of Latent Variables 
Cholecystectomy Procedure 





0.290 ( 0.000) 0.650 ( 0.000) 
-0.370 ( 0.161) -0.059 ( 0.360) 
-0.011 (-0.011) -0.068 (-0.002) 





0.000 ( 0.000) 0.000 (0.000) 
0.554 ( 0.000) 0.000 (0.000) 










The Revised Model - Hip Replacement Procedure 
Table 15 shows the results of the structural equation 
model using risk-adjusted mortality rates of hip replacement 
cases as the indicator variable for outcome. The model fit 
statistics are nearly identical to those in the model using 
cholecystectomy data. Interestingly, the beta coefficient 
for the causal relationship from process to outcome is 
positive and significant, whereas the gamma coefficient from 
volume to outcome is not significant. This means that 
volume does not account directly for the variation in hip 
replacement deaths, rather its effects are indirect through 
structure and process. Table 16 shows these direct and 
indirect effects. 
Table 16 
Total and Indirect Effects of Latent Variables 
Hip Replacement Procedure 





0.290 ( 0.000) 0.650 ( 0.000) 
-0.370 ( 0.160) -0.059 ( 0.359) 
-0.036 (-0.036) 0.010 (-0.006) 





0.000 ( 0.000) 0.000 (0.000) 
0.553 ( 0.000) 0.000 (0.000) 









Table 15 169 
Structural Equation Model - Revised Specification 
Hip Replacement Procedure 
LISREL Estimates (Maximum Likelihood) 



























































































































significant at a - 0.001 level of significance 
* significant at a 0.05 level of significance 
(table continues) 
















































































































































SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR SPEC TOT_SERV CR_CARE 
0.933 0.228 0.432 0.283 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
OPEX_PD NURS_BED CMINDEX ICU_DAYS 






































Table 15 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE_VOL HR_VOL 
1.000 0.759 0.577 




SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0.514 0.441 0.006 
HF VOL CH VOL 
0.337 0.603 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.722 
CHI-SQUARE WITH 93 DEGREES OF FREEDOM = 1004.78 (P = .000) 
GOODNESS OF FIT INDEX =0.942 
ADJUSTED GOODNESS OF FIT INDEX =0.893 
ROOT MEAN SQUARE RESIDUAL =0.083 
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The Revised Model - Carotid Endarterectomy Procedure 
The model fit statistics for the carotid endarterectomy 
model are slightly better than for the hip fracture model 
(X2/d.f. ratio is 10.67, GOF is 0.943, AGOF is 0.894, and 
root mean square residual is 0.082), yet the beta and gamma 
parameter estimates on outcome are insignificant. These 
results are shown in Table 17. Although the total 
coefficient of determination for structural equations is 
high at 0.721, essentially there are no direct effects of 
exogenous or endogenous latent variables on outcome. Table 
18 below shows the total and indirect effects. 
Table 18 
Total and Indirect Effects of Latent Variables 
Carotid Endarterectomy Procedure 





0.290 ( 0.000) 0.651 (0.000) 
-0.369 ( 0.161) -0.060 (0.360) 
-0.001 (-0.001) 0.022 (0.000) 





0.000 ( 0.000) 0.000 (0.000) 
0.554 ( 0.000) 0.000 (0.000) 









The Revised Model - Pacemaker Insertion Procedure 
Table 19 indicates that the model for pacemaker 
insertion is similar to the preceding models in terms of 
model fit (x2/d.f. ratio is 10.72 GOF is 0.942, AGOF is 
Table 17 173 
Structural Equation Model Revised Specification 
Carotid Endarterectomy Procedure 
LISREL Estimates (Maximum Likelihood) 
Completely Standardized Solution 
LAMBDA Y 
STRUCTURE PROCESS OUTCOME 
BEDS 0.967** 0.000 0.000 
SUR_SPEC 0.478** 0.000 0.000 
TOT SERV 0.657** 0.000 0.000 
-CR CARE 0.532** 0.000 0.000 
-
HT INDX 0.660** 0.000 0.000 
RN PTDAY 0.000 0.810** 0.000 
OPEX PD 0.000 0.711** 0.000 
NURS BED 0.000 0.148** 0.000 
CMINDEX 0.699** 0.134** 0.000 
ICU DAYS 0.000 0.256** 0.000 
CE DEV15 0.000 0.000 1.000** 
-
LAMBDA X 
ALOS VOLUME RESOURCE 
ALOS 1.000** 0.000 0.000 
PI VOL 0.000 0.871** 0.000 
-
CE VOL 0.000 0.760** 0.000 
HR-VOL 0.000 0.844** 0.000 
HF-VOL 0.000 0.581** 0.000 
CH-VOL 0.000 0.777** 0.000 
CASH FLOW 0.000 0.000 1.000** 
.!lli18 
STRUCTURE PROCESS OUTCOME 
STRUCTURE 0.000 0.000 0.000 
PROCESS 0.656** 0.000 0.000 
OUTCOME 0.000 0.003 0.000 
GAMMA 
ALOS VOLUME RESOURCE 
STRUCTURE 0.307** 0.535** 0.169** 
PROCESS -0.663** -0.409** 0.000 
OUTCOME 0.000 0.017 0.000 
PSI 
STRUCTURE PROCESS OUTCOME 
STRUCTURE 0.487** 
PROCESS 0.000 0.559** 
OUTCOME 0.000 0.000 1.000** 
significant at 01 0.001 level of significance 
* significant at 01 0.05 level of significance 
(table continues) 
















































































































































SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR_SPEC TOT SERV CR CARE 
0.935 0.228 0.432 0.283 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
OPEX_PD NURS BED CMINDEX ICU DAYS 
0.505 0.022 0.536 0.066 
HT INDX 
0.564** 



































Table 17 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 




0.578 0. 712 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
CASH FLOW 
1.000 
HF VOL CH VOL 
0.337 0.603 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0. 513 0.441 0.000 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.721 
CHI-SQUARE WITH 93 DEGREES OF FREEDOM = 
GOODNESS OF FIT INDEX =0.943 
ADJUSTED GOODNESS OF FIT INDEX =0.894 
ROOT MEAN SQUARE RESIDUAL =0.082 
992.32 (P = .000) 
175 
Table 19 176 
Structural Equation Model - Revised Specification 
Pacemaker Insertion Procedure 
LISREL Estimates (Maximum Likelihood) 





























































































































significant at a - 0.001 level of significance 
* significant at a 0.05 level of significance 
(table continues) 
Table 19 (continued) 177 
THETA EPS 
BEDS SUR SPEC TOT_SERV CR CARE HT INDX RN PTDAY -
BEDS 0.065* 
SUR SPEC -0.133** 0.772** TOT-SERV -0.117** 0.000 0.568** CR::::CARE 0.087** 0.000 0.000 0.717** HT INDX 0.000 0.000 0.000 0.176** 0.564** RN PTDAY -0.194** 0.000 -0.056** 0.000 0.055* 0.346** OPEX PD -0.094** 0.126** 0.000 0.000 0.174** 0.000 NURS BED 0.000 0.000 0.000 0.201** 0.173** 0.381** CMINDEX -0.245** 0.000 -0.175** 0.000 0.148** 0.000 ICU DAYS 0.000 0.069** 0.000 0.400** 0.161** 0.000 PI DEV15 0.000 0.000 0.000 0.000 0.000 0.000 
THETA EPS 
OPEX PD NURS BED - CMINDEX ICU DAYS PI DEV15 
OPEX PD 0.492** 
NURS BED 0.000 0.978** 
CMINDEX 0.191** 0.064** 0.464** ICU DAYS 0.000 0.182** 0.153** 0.934** PI DEV15 0.000 0.000 0.000 0.000 0.000 
THETA DELTA 
ALOS PI VOL CE VOL HR VOL HF VOL CH VOL 
ALOS 0.000 
PI VOL 0.091** 0.241** -CE VOL 0.000 -0.097** 0.422** 
HR-VOL 0.000 -0.114** -0.077** 0.289** 
HF-VOL 0.000 0.091** 0.000 0.189** 0.663** 
CH-VOL -0.038* 0.000 0.000 0.080** 0.243** 0.397** 
CASH FLOW 0.000 -0.049* 0.000 0.000 0.000 0.000 
THETA DELTA 
CASH FLOW 
CASH FLOW 0.000 
CORRELATION MATRIX OF ETA AND KSI 
STRUCTURE PROCESS OUTCOME ALOS VOLUME RESOURCE 
STRUCTURE 1.000 
PROCESS 0.152 1.000 
OUTCOME 0.011 -0.029 1.000 
ALOS 0.372 -0.469 0.015 1.000 
VOLUME 0.632 -0.075 0.025 0.123 1.000 
RESOURCE 0.358 0.090 0.006 0.000 0.354 1.000 
SQUARED MULTIPLE CORRELATIONS FOR y - VARIABLES 
BEDS SUR SPEC TOT SERV CR CARE HT INDX RN PTDAY - -
0.935 0.228 0.432 0.283 0.436 0.654 
SQUARED MULTIPLE CORRELATIONS FOR y - VARIABLES 
OPEX PD NURS BED CMINDEX ICU DAYS PI DEV15 
- - -
0.508 0.022 0.536 0.066 1.000 
(table continues) 
Table 19 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL 
1.000 0.759 0.578 




HF VOL CH VOL 
0.337 0.603 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0. 513 0.441 0.001 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.721 
CHI-SQUARE WITH 93 DEGREES OF FREEDOM = 
GOODNESS OF FIT INDEX =0.942 
ADJUSTED GOODNESS OF FIT INDEX =0.894 
ROOT MEAN SQUARE RESIDUAL =0.082 
997.33 (P = .000) 
178 
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0.894, and root mean square residual is 0.082). Like 
carotid endarterectomy, the beta and gamma coefficients for 
outcome are insignificant although there is a small, 
negative, direct effect of process on outcome. The total 
and indirect effects of latent variables are shown in Table 
20 below. 
Table 20 
Total and Indirect Effects of Latent Variables 
Pacemaker Insertion Procedure 





0.290 ( 0.000) 0.651 (0.000) 
-0.368 ( 0.161) -0.060 (0.361) 
0.012 ( 0.012) 0.032 (0.002) 
Total effects (indirect effects) of n on n 
STRUCTURE PROCESS 
STRUCTURE 0.000 ( 0.000) 0.000 (0.000) 
PROCESS 0. 554 ( 0. 000) 0. 000 (0. 000) 
OUTCOME - 0 . 0 19 ( -0 . 0 19) -0 . 0 3 4 ( 0 . 0 0 0) 
RESOURCE 
0.159 ( 0.000) 






Structural Equation Model with Control Variables 
Certain characteristics of a hospital and its 
environment have been found empirically to explain a portion 
of the variation in its mortality rate. (The research is 
cited in Chapter 2). Several of these are introduced into 
the expanded volume-outcome model to ascertain the extent of 
improvement, if any, in model fit. These variables are not 
central to the research hypotheses, yet are believed to 
explain some variation in outcome. The seven control 
variables are listed in Table 1. 
180 
The structural equation model for hip fracture 
procedure was analyzed first; however, a model containing 
all seven control variables was unable to be analyzed by 
LISREL 7 because the E matrix was not positive definite. 
Instead, two separate control models were analyzed. The 
first model, called Control Model A, contained the 
variables, HOS_TYPE, JCAHO, OSTEO, SYSTEM, REGION and 
MSA SIZE. The second model, called Control Model B, 
contained HOS_TYPE, COTH, SYSTEM, REGION, and MSA_SIZE. The 
variables COTH and OSTEO could not be analyzed together in 
the same model. The significant negative correlation 
between COTH and OSTEO was perhaps a contributing factor 
explaining why the E matrix was not positive definite when 
both variables were included in the model. 
The results of Control Model A are shown in Table 21. 
The control variables do not improve the fit of the hip 
fracture model with a x2\d.f. ratio of 15.84, GOF of 0.875, 
AGOF of 0.815, and root mean square residual of 0.097. The 
total coefficient of determination for structural equations 
is roughly the same as that in the original model. The 
introduction of seven additional causal paths in the model 
does not explain a substantial amount of additional 
variation in hip fracture risk-adjusted mortality rates. 
Table 21 
Structural Equation Model with Control Variables 
Control Model A for Hip Fracture Procedure 
LISREL Estimates (Maximum Likelihood) 
Completely Standardized Solution 
LAMBDA Y 
STRUCTURE PROCESS OUTCOME 
BEDS 0.977** 0.000 0.000 
SUR_SPEC 0.473** 0.000 0.000 
TOT SERV 0.652** 0.000 0.000 
-CR CARE 0.524** 0.000 0.000 -HT INDX 0.648** 0.000 0.000 
RN PTDAY 0.000 0.814** 0.000 
OPEX PD 0.000 0.705** 0.000 
NURS BED 0.000 0.144** 0.000 
CMINDEX 0.688** 0.129** 0.000 
ICU DAYS 0.000 0.255** 0.000 
HF_DEV15 0.000 0.000 1.000** 
LAMBDA X 
ALOS VOLUME RESOURCE HOSTYPE 
ALOS 1.000** 0.000 0.000 0.000 
PI VOL 0.000 0.828** 0.000 0.000 
-CE VOL 0.000 0.738** 0.000 0.000 
HR-VOL 0.000 0.793** 0.000 0.000 
HF-VOL 0.000 0.584** 0.000 0.000 
CH-VOL 0.000 0.802** 0.000 0.000 
CASH FLOW 0.000 0.000 1.000** 0.000 
HOS TYPE 0.000 0.000 0.000 1. 000** 
JcAHO N 0.000 0.000 0.000 0.000 
OSTEO-N 0.000 0.000 0.000 0.000 
SYSTEM-N 0.000 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 0.000 
LAMBDA X 
SYSTEM REGION MSASIZE 
ALOS 0.000 0.000 0.000 
PI VOL 0.000 0.000 0.000 
CE-VOL 0.000 0.000 0.000 
HR-VOL 0.000 0.000 0.000 
HF-VOL 0.000 0.000 0.000 
CH-VOL 0.000 0.000 0.000 
CASH FLOW 0.000 0.000 0.000 
HOS TYPE 0.000 0.000 0.000 
JcAHO N 0.000 0.000 0.000 
OSTEO-N 0.000 0.000 0.000 
SYSTEM-N 1.000** 0.000 0.000 
REGION-N 0.000 1. 000** 0.000 
MSA_SIZE 0.000 0.000 1. 000** 
BETA 
STRUCTURE PROCESS OUTCOME 
STRUCTURE 0.000 0.000 0.000 
PROCESS 0.678** 0.000 0.000 
OUTCOME 0.000 0.052* 0.00 
** Significant at 0'=0.001 level of significance 










































































































































































































































































Table 21 (continued) 183 
THETA DELTA 
CASH FLOW HOS TYPE JCAHO N OSTEO N SYSTEM N REGION N 
CASHFLOW 0.000 
HOS TYPE 0.000 0.000 
JcAHO N 0.000 0.000 0.000 
OSTEO-N 0.000 0.000 0.000 0.000 
SYSTEM-N 0.000 0.000 0.000 0.000 0.000 REGION-N 0.000 0.000 0.000 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 0.000 0.000 0.000 
THETA DELTA 
MSA SIZE 
MSA SIZE 0.000 
CORRELATION MATRIX OF ETA AND KSI 
STRUCTURE PROCESS OUTCOME ALOS VOLUME RESOURCE 
STRUCTURE 1.000 
PROCESS 0.174 1.000 
OUTCOME -0.021 0.064 1.000 
ALOS 0.345 -0.465 -0.044 1.000 
VOLUME 0.625 -0.082 -0.048 0.096 1.000 
RESOURCE 0.337 0.089 0.001 0.000 0.314 1.000 
HOSTYPE 0.000 0.000 -0.025 0.000 0.000 0.000 
JCAHO 0.102 -0.014 -0.096 0.000 0.187 0.000 
OS TEO -0.157 0.021 0.088 0.000 -0.289 0.000 
SYSTEM 0.097 -0.013 -0.065 0.000 0.178 0.000 
REGION -0.101 0.158 0.034 -0.345 0.000 0.000 
MSASIZE 0.061 -0.095 -0.020 0.207 0.000 0.000 
CORRELATION MATRIX OF ETA AND KSI 
HOSTYPE JCAHO OS TEO SYSTEM REGION MSASIZE 
HOSTYPE 1.000 
JCAHO 0.000 1.000 
OS TEO 0.000 -0.850 1.000 
SYSTEM 0.226 0.000 0.000 1.000 
REGION 0.000 0.000 0.000 0.256 1.000 
MSASIZE 0.000 0.000 0.000 0.000 0.000 1.000 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR SPEC TOT SERV CR CARE HT INDX RN PTDAY 
-
0.954 0.224 0.425 0 .275 0.420 0.662 
SQUARED MULTIPLE CORRELATIONS FOR y - VARIABLES 
OPEX PD NURS BED CMINDEX ICU DAYS HF DEV15 
-
0.497 0.021 0 .521 0.065 1.000 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL HF VOL CH VOL 
1.000 0.685 0 .545 0.629 0.342 0.643 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
CASH FLOW HOS TYPE JCAHO N OSTEO N SYSTEM N REGION N 
1.000 1.000 1.000 1.000 1.000 1.000 
(table continues) 
Table 21 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
MSA SIZE 
1.000 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0.498 0.459 0.020 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.724 
CHI-SQUARE WITH 202 DEGREES OF FREEDOM = 3199.52 (P 
GOODNESS OF FIT INDEX =0.875 
ADJUSTED GOODNESS OF FIT INDEX =0.815 




While the model fit was not improved, the control 
variable, SYSTEM, accounts for significant variation in the 
outcome variable, the risk-adjusted mortality rate for hip 
fracture. The coefficient is negative which means that 
system hospitals have lower mortality rates, all else held 
constant. None of the parameter estimates for the other 
control variables are significant at a = 0.05 level of 
significance. 
The inclusion of the control variables changes the 
effect of volume on outcome. Previously, the revised 
original structural equation model for hip fracture held the 
hypothesized volume-outcome relationship to be true 
(significant and negative gamma coefficient). The gamma 
coefficient from volume to outcome is not significant in 
Control Model A. 
Control Model B, containing COTH and excluding OSTEO 
and JCAHO, shown in Table 22, shows improvement in the total 
coefficient of determination for structural equations at 
0.756, although the model fit is a poor one: X2\d.f. ratio 
of 48.42, GOF of 0.819, AGOF of 0.725, and root mean square 
residual of 0.134 (Table 22). This model maintains the 
significance of the causal path from volume to outcome in 
the hypothesized direction while at the same time includes 
COTH, SYSTEM, and REGION as significant in explaining 
variation in outcome of hip fracture mortality. Teaching 
hospitals are associated with higher hip fracture mortality 
Table 22 
Structural Equation Model with Control Variables 
Control Model B for Hip Fracture Procedure 
LISREL Estimates (Maximum Likelihood) 
Completely Standardized Solution 
LAMBDA Y 
STRUCTURE PROCESS OUTCOME 
BEDS 0.965** 0.000 0.000 
SUR SPEC 0.473** 0.000 0.000 
TOT-SERV 0.652** 0.000 0.000 
CR::::CARE 0.526** 0.000 0.000 
HT INDX 0.656** 0.000 0.000 
RN PTDAY 0.000 0.821** 0.000 
OPEX PD 0.000 0.700** O.JOO 
NURS BED 0.000 0.151** 0.000 
CMINDEX 0.693** 0.130** 0.000 
ICU DAYS 0.000 0.255** 0.000 
HF DEV15 0.000 0.000 1.000** 
-
LAMBDA X 
ALOS VOLUME RESOURCE HOSTYPE 
ALOS 1. 000*. 0.000 0.000 0.000 
PI VOL 0.000 0.865** 0.000 0.000 
-CE VOL 0.000 0.755** 0.000 0.000 
HR-VOL 0.000 0.837** 0.000 0.000 
HF::::VOL 0.000 0.577** 0.000 0.000 
CH VOL 0.000 0.783** 0.000 0.000 
CASH FLOW 0.000 0.000 1.000** 0.000 
HOS TYPE 0.000 0.000 0.000 1.000** 
COTH N 0.000 0.000 0.000 0.000 
SYSTEM-N 0.000 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 0.000 
MSA_SIZE 0.000 0.000 0.000 0.000 
LAMBDA X 
REGION MSASIZE 
ALOS 0.000 0.000 
PI VOL 0.000 0.000 
-CE VOL 0.000 0.000 
HR-VOL 0.000 0.000 
HF-VOL 0.000 0.000 
CH-VOL 0.000 0.000 
CASH FLOW 0.000 0.000 
HOS TYPE 0.000 0.000 
COTH N 0.000 0.000 
SYSTEM-N 0.000 0.000 
REGION-N 1.000** 0.000 
MSA_SIZE 0.000 1.000** 
BETA 
STRUCTURE PROCESS OUTCOME 
STRUCTURE 0.000 0.000 0.000 
PROCESS 0.670** 0.000 0.000 
OUTCOME 0.000 0.030 0.000 
Significant at a;0.001 level of significance 






























































































































































































































































Table 22 (continued) 188 
THETA DELTA 
CASH FLOW HOS TYPE COTH N SYSTEM N REGION N MSA SIZE 
CASH FLOW 0.000 
HOS TYPE 0.000 0.000 
COTH N 0.000 0.000 0.000 
SYSTEM
-
N 0.000 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 0.000 0.000 0.000 
CORRELATION MATRIX OF ETA AND KSI 
STRUCTURE PROCESS OUTCOME ALOS VOLUME RESOURCE 
STRUCTURE 1.000 
PROCESS 0.180 1.000 
OUTCOME -0.029 0.032 1.000 
ALOS 0.333 -0.455 -0.017 1.000 
VOLUME 0.628 -0.035 -0.055 0.041 1.000 
RESOURCE 0.368 0.089 -0.017 0.000 0.366 1.000 
HOSTYPE 0.000 0.000 -0.005 0.000 0.000 0.000 
COTH 0.125 -0.182 0.026 0.402 0.000 0.000 
SYSTEM 0.000 0.000 -0.056 0.000 0.000 0.000 
REGION -0.108 0.157 0.048 -0.347 0.000 0.000 
MSASIZE 0.070 -0.103 -0.001 0.227 0.000 0.000 
CORRELATION MATRIX OF ETA AND KSI 
HOSTYPE COTH SYSTEM REGION MSASIZE 
HOSTYPE 1.000 
COTH -0.297 1.000 
SYSTEM 0.000 0.000 1.000 
REGION 0.000 -0.241 0.000 1.000 
MSASIZE 0.000 0.383 0.000 0.000 1.000 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR SPEC TOT SERV CR CARE HT INDX RN PTDAY -
0.930 0.224 0.425 0.277 0.430 0.674 
SQUARED MULTIPLE CORRELATIONS FOR y - VARIABLES 
OPEX PO NURS BED CMINDEX ICU DAYS HF DEV15 
0.490 0.023 0.529 0.065 1.000 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL HF VOL CH VOL -
1.000 0.749 0.570 0.701 0.333 0. 613 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
CASH FLOW HOS TYPE COTH N SYSTEM_N REGION N MSA SIZE 
1.000 1.000 1.000 1.000 1.000 1.000 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0. 513 0.436 0. 011 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.718 
(table continues) 
Table 22 (continued) 
CHI-SQUARE WITH 182 DEGREES OF FREEDOM = 8812.98 (P 
GOODNESS OF FIT INDEX =0.819 
ADJUSTED GOODNESS OF FIT INDEX =0.725 




rates, all else held constant; system hospitals are 
associated with lower hip fracture mortality rates, all else 
held constant; and there is significant variation in hip 
fracture mortality by region of the United States. 
The inclusion of the control variables did not improve 
the model fit for the four remaining surgical procedures, 
but the significance of the control variables varied by 
surgical procedure. Appendix C contains the results of 
these models. Briefly, the significant control variables in 
Model A for cholecystectomy were JCAHO (negative sign -) and 
OSTEO (-). For hip replacement, they were JCAHO (+) and 
OSTEO (+) for carotid endarterectomy they were JCAHO (+), 
OSTEO (+), and MSA SIZE (-); and for pacemaker insertion 
they were JCAHO (+), OSTEO (+), and MSA_SIZE (-). More 
often than not, osteopathic hospitals were associated with 
higher mortality rates, as were hospitals with JCAHO 
accreditation. The significant control variables for Model 
B were as follows: for cholecystectomy - HOS_TYPE (-); for 
hip replacement - none; for carotid endarterectomy - none; 
and for pacemaker insertion - MSA SIZE (-). The amount of 
variation in mortality rates explained by teaching hospitals 
was noticeably absent for these four procedures. 
Longitudinal Analysis with Panel Data 
A two-wave panel model was analyzed to determine 
whether volume and outcome change over time, i.e., if volume 
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increases, do outcomes improve over time? The panel model, 
depicted in Figure 7, first tested the stability of volume 
between 1988 and 1990. A value close to 1.0 for the beta 
coefficient would support the null hypothesis that there was 
stability from time one to time two. 
Table 23 reveals a beta coefficient of 0.986, 
significant at a = 0.001 level of significance or better. 
Thus, one cannot reject the null hypothesis, and must 
conclude there is stability in volume from 1988 to 1990. 
The strong values for the model fit statistics (X2/d.f. = 
6. 26, GOF = 0.979, AGOF = 0.960) support this conclusion. 
Although the volume construct is stable from 1988 to 1990, 
the results of the paired t-test (Table 24) indicate that 
the volumes for all procedures (except carotid 
endarterectomy) are significantly higher, on average, in 
1990 than in 1988. Thus, volume has increased; however, it 
is considered stable because the indicator variables change 
in the same magnitude and direction as a result of some 
unmeasured, external factor, such as growth in the Medicare 
population at risk for these surgical procedures. 
Table 23 
Longitudinal Analysis Using Panel Data 
Volume 1988 and 1990 
LISREL Estimates (Maximum Likelihood) 




















































































































Significant at a;0.001 level of significance 
Significant at a;0.05 level of significance 
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Table 23 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
PI_VOL88 CE_VOL88 HR_VOL88 HF_VOL88 
0.480 0.393 0.637 0. 613 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
CE_VOL HR_VOL HF_VOL CH_VOL 
0.412 0.674 0.588 0.768 
CH VOL88 
0.757 
TOTAL COEFFICIENT OF DETERMINATION FOR Y - VARIABLES IS 0.940 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
VOL88 VOL90 
0.000 0.961 
CHI-SQUARE WITH 29 DEGREES OF FREEDOM = 
GOODNESS OF FIT INDEX =0.979 
ADJUSTED GOODNESS OF FIT INDEX =0.960 








Paired t-test to Determine Change in Volume from 1998 to 
1990 by Surgical Procedure 
n=1582 
Variable Mean of d Std. Error t statistic p-value 
DIFF PI 0.2180 0.0145 14.9834 0.0001 
DIFF CE -0.0310 0.0161 -1.9220 0.0548 
DIFF HR 0 0 1118 0.0092 12.1080 0.0001 
DIFF HF 0.0404 0.0104 3.8874 0.0001 
DIFF CH 0.0292 0.0079 3.7073 0.0002 
The correlation coefficients between risk-adjusted 
mortality rates in 1988 and 1990 are shown in Table 25. 
Table 25 
Pearson Correlation Coefficients for Outcome Variables in 
1988 and 1990 (PI=Pacemaker Insertion, CE=Carotid 











** significant at a 0.001 level of significance 
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As revealed by the table, only cholecystectomy mortality 
rates are significantly correlated between 1988 and 1990. 
Even so, the correlation coefficient is quite small at 
0.096. The correlation coefficients for the remaining four 
surgical procedures are not significantly different from 
zero. 
An analysis of the change in the outcome variable from 
1988 to 1990 is conducted using the paired t-test. The 
results of the paired t-test for each surgical procedure are 
found in Table 26. The values for t in the table show that 
the null hypothesis cannot be rej ected for any surgical 
procedure; therefore, one must conclude that there are no 
differences in mortality rates from 1988 to 1990, on 
average. Thus, outcomes are unstable over time: some rise, 
some fall, some stay the same. On average, there is no 
change. 
Table 26 
Paired t -test to Determine Change in Mortality Rate 
from 1998 to 1990 by Surgical Procedure 
n=1582 
Variable Mean of d Std. Error t statistic p -value 
DIFF PI -0.0557 0.0697 -0.7984 0.4248 
-
DIFF CE -0.1019 0.1336 -0.7627 0.4457 
-
DIFF HR 0. 0891 0.0509 1.7491 0.0805 
-
DIFF HF 0.0838 0.0454 1.8460 0.0651 
-
DIFF CH 0.0800 0.0485 1.6487 0.0994 
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The panel regression analysis addresses the question, 
"Does volume have an impact on outcome when controlling for 
outcome in the previous period?" Table 27 shows the results 
of the regression analyses for each surgical procedure. A 
significant amount of variation in hip fracture mortality 
rates in 1990 is explained by volume, even when controlling 
for the effect of mortality rates in 1988 and their 
interaction with volume. All parameter estimates are 
significant, which means that prior mortality experience and 
its interaction with volume is important in explaining 
mortality in the subsequent period; however, when one 
controls for these effects, the volume-outcome relationship 
remains strong. The regression analysis for cholecystectomy 
yields the same results. Volume is not significant for the 
remaining three surgical procedures, pacemaker insertion, 
carotid endarterectomy, and hip replacement. These findings 
correspond with the previous findings of the cross-sectional 
regressions and the structural equation models. In all 
regression analyses, the model R2 is very low, suggesting 
that other variables need to be included in the model to 
explain the variation in risk-adj usted mortality rates. 
Summary of Results in Context 
of Hypotheses and Research Questions 
The results of the revised structural equation model 
for each surgical procedure are described within the context 
of each hypothesis generated by the conceptual model and the 
Table 27 197 
Longitudinal Regression Analysis 1988 to 1990 
Five Surgical Procedures 
Pacemaker Insertion 
Dependent Variable: PI DEV15 (1990 Risk-adjusted Mortality Rate) 
Analysis of Variance 
Sum of Mean 
Source OF Squares Square F Value Prob>F 
Model 3 6.25410 2.08470 0.593 0.6199 
Error 1578 5551.24720 3.51790 
C Total 1581 5557.50130 
Root MSE 1.87561 R-square 0. 0011 
Dep Mean -0.14503 Adj R-sq -0.0008 
c.v. -1293.27559 
Parameter Estimates 
Parameter Standard T for HO: 
Variable OF Estimate Error Parameter=O Prob > ITI 
INTERCEP 1 -0.231778 0.17086967 -1.356 0.1751 
PI 01588 1 -0.064408 0.06988601 -0.922 0.3569 
PI VOL 1 0.033048 0.05890800 0.561 0.5749 
-
PI I 1 0.032870 0.02867302 1.146 0.2518 
Carotid Endarterectomy 
Dependent Variable: CE_OEV15 (1990 Risk-adjusted Mortality Rate) 
Analysis of Variance 
Sum of Mean 
Source OF Squares Square F Value Prob>F 
Model 3 24.99777 8.33259 0.610 0.6087 
Error 1578 21566.47659 13.66697 
C Total 1581 21591.4 7436 
Root MSE 3.69689 R-square 0.0012 
Oep Mean -0.02321 Adj R-sq -0.0007 
c.v. -15930.23153 
Parameter Estimates 
Parameter Standard T for HO: 
Variable OF Estimate Error Parameter=O Prob > ITI 
INTERCEP 1 -0.279485 0.21897631 -1.276 0.2020 
CE 01588 1 -0.002013 0.04556818 -0.044 0.9648 
CE VOL 1 0.114241 0.08880231 1.286 0.1985 
CE I 1 0.006031 0.02431074 0.248 0.8041 
(table continues) 
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Hip Replacement 
Dependent Variable: HR DEV15 (1990 Risk-adjusted Mortality Rate) 
Analysis of Variance 
Sum of 
Source OF Squares 
Model 3 2.75113 
Error 1578 3531.00679 
c Total 1581 3533.75792 
Root MSE 1.49588 
















Variable OF Estimate Error Parameter=O 
INTERCEP 1 -0.044711 0.17715457 -0.252 
HR 01588 1 -0.123731 0.11656643 -0.061 
HR VOL 1 0.009550 0.04753997 0.201 









Dependent Variable: HF DEV15 (1990 Risk-adjusted Mortality Rate) 
Analysis of Variance 
Sum of Mean 
Source OF Squares Square F Value Prob>F 
Model 3 34.48539 11.49513 5.812 0.0006 
Error 1578 3121.13211 1.97790 
c Total 1581 3155.61751 
Root MSE 1.40638 R-square 0.0109 
Dep Mean -0.05562 Adj R-sq 0.0090 
c.v. -2528.67417 
Parameter Estimates 
Parameter Standard T for HO: 
Variable OF Estimate Error Parameter=O Prob > ITI 
INTERCEP 1 0.383474 0.16344790 2.346 0.0191 
HF 01588 1 -0.265039 0.12881581 -2.058 0.0398 
HF-VOL 1 -0.135145 0.04957891 -2.726 0.0065 
HF I 1 0.102547 0.04298406 2.386 0.0172 
(table continues) 
Table 27 (continued) 
Cholecystectomy 
Dependent Variable: CH DEV15 
Analysis of Variance 
Sum of 
Source DF Squares 
Model 3 92.76934 
Error 1578 3515.73103 
c Total 1581 3608.50037 
Root MSE 1.49264 
















Variable DF Estimate Error Parameter=O 
INTERCEP 1 0.406744 0.21936125 1.854 
CH D1588 1 0.691320 0.12388815 5.580 
CH VOL 1 -0.122496 0.05888228 -2.080 










three key research questions of the study. 
Volume-Outcome Relationship 
The primary question guiding this research is, "At a 
single point in time, why are lower volumes of patients with 
certain diagnoses or procedures associated with worse 
outcomes?" Correspondingly, the first hypothesis from the 
expanded volume-outcome model is: 
H1: Better patient outcomes are, in part, a direct 
consequence of high volumes. 
The hypothesized direct effect of volume on outcome is 
supported for only two of the five surgical procedures 
studied: hip fracture and cholecystectomy. The 
standardized gamma coefficients in the structural equation 
model are -0.053 and -0.052, respectively. These are 
relatively small compared to other standardized parameter 
estimates. These findings are supported by the cross­
sectional linear regression analyses. A downward sloping 
regression line for the risk-adjusted mortality rate to 
volume exists only for hip fracture and cholecystectomy. 
All other procedures showed upward sloping or flat 
regression lines for the risk-adjusted mortality rates. 
Overall, the volume-outcome relationship is procedure­
specific and is small when taking into account other causal 
relationships simultaneously. 
Effects of Structure and Process on Outcome 
The second research question deals with the effects of 
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the hospital's structure and processes of care on its 
mortality rate: "Is the volume-outcome relationship 
explained by intervening hospital-level factors that are a 
consequence of volume, but at the same time are predictors 
of patient outcomes?" All of the remaining research 
hypotheses attempt to answer this question. 
H2: As volume increases, the hospital must grow in 
size to accommodate the impact of higher volumes, 
becoming more structurally differentiated, and 
improving in technical competence as the demand 
grows for technical and highly specialized staff. 
In all models analyzed, the effect of volume on 
structure is a large and positive one indicating that 
overall volume, as represented by the number of cases of the 
five surgical procedures, leads to greater size, enhanced 
structural differentiation, and improved technical 
competence. The standardized gamma coefficient is 
approximately 0.535 in all models. 
The latent construct, structure, is strongly measured 
by large factor loadings on all indicator variables 
representing the three dimensions of structure: size 
(BEDS) , structural differentiation (SUR_SPEC and TOT_SERV) , 
and technical competence (CR_CARE, HT_INDX, and CMINDEX) 
H3: Greater financial resources are positively 
associated with higher volumes, but the origin of 
greater financial resources lies outside the 
model. 
The correlation of the latent variable, volume, with 
the latent variable, resource availability, is moderately 
high at 0.354 and is significant at a = 0.001 level of 
significance or better. The correlation coefficient 
indicates that higher volumes are associated with greater 
financial resources. 
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H4: Greater financial resources allow a hospital to 
grow in size, and enable a hospital to attract and 
retain more highly specialized personnel and 
purchase more high-technology equipment. 
The hypothesized relationship is supported by the 
positive and strongly significant gamma coefficient from 
resource availability to structure. The standardized value 
is 0.169, on average. This relationship is further 
supported by a fairly strong correlation of 0.359 between 
the latent variable, resource availability, and the latent 
variable, structure. 
H5: The greater the structural differentiation and the 
higher the level of technical competence, the 
greater the propensity for service intensity and 
resource consumption. 
This hypothesis is supported strongly across all five 
structural equation models analyzed. Specifically, the 
standardized beta coefficient from structure to process 
ranged from 0.655 to 0.657. These results provide empirical 
evidence to support a portion of Donabedian's (1966) 
structure, process, outcome framework on quality of care. 
H6: The shorter the average length of stay, the 
greater the service intensity and resource 
consumption. 
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The strongest parameter estimate in the model is the 
gamma coefficient from average length of stay to process. 
Across the five models analyzed, the standardized gamma 
coefficient is -0.663 or -0.664. The negative sign supports 
the hypothesized direction that shorter lengths of stay lead 
to greater service intensity and resource consumption. 
H7: Shorter lengths of stay contribute to greater 
turnover of patients, allowing higher volumes of 
procedures to be performed. 
This hypothesis seeks to establish the negative 
correlation between the exogenous latent variable, average 
length of stay, and the exogenous latent variable, volume. 
The empirical results do not support the hypothesis. For 
all five models analyzed, the correlation between the 
constructs is approximately 0.123. Further analysis of the 
Phi matrix (not printed) reveals the correlation to be 
significant at a =  0.001 level of significance or better. 
The results lead to the conclusion that shorter lengths of 
stay are associated with lower volumes. 
Recall that the original structural equation model was 
revised to incorporate a causal path from average length of 
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stay to structure. Empirical results support the rationale 
that longer lengths of stay lead to greater structural 
differentiation and technical competence because longer 
stays imply sicker patients. Since the direct and indirect 
effects of average length of stay on structure are positive, 
and the direct and indirect effects of volume on structure 
are positive, it follows logically that average length of 
stay and volume are positively correlated. 
H8: Higher volumes lead to greater service intensity 
and resource consumption. 
This hypothesis is not supported fully by the empirical 
results. The standardized gamma coefficient of -0.408 from 
volume to process is quite significant and in the opposite 
direction from that hypothesized. The interpretation is 
that higher volumes lead to less service intensity and 
resource consumption. Further analysis of the direct and 
indirect effects, however, reveals that the indirect effect 
of volume on process through structure is large and positive 
at 0.360. Thus, the hypothesis is supported indirectly. 
Higher volumes lead to higher levels of the structural 
dimensions which, in turn, lead to greater service intensity 
and resource consumption. 
H9: The greater the service intensity and resource 
consumption, the worse the patient outcomes. 
The empirical results vary by procedure. Service 
intensity and resource consumption are found to be 
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detrimental to the two orthopedic procedures, hip fracture 
and hip replacement. The beta coefficients are significant 
and positive at 0.049 and 0.077, respectively. Thus, the 
hypothesis is supported for these two procedures. The 
causal relationship from process to outcome is not 
significant for cholecystectomy, pacemaker insertion, and 
carotid endarterectomy. 
Changes in Volume and Outcome Over Time 
The third research question asks, "What happens to the 
volume-outcome relationship over time? If volume increases, 
do outcomes improve?" The longitudinal analysis with panel 
data attempts to answer this question. 
The results of the analysis of the panel data reveal 
that the volume of pacemaker insertion, hip replacement, hip 
fracture, and cholecystectomy procedures have increased, on 
average, and that there is stability in volume from 1988 to 
1990 with a beta coefficient very close to 1.0. In 
contrast, the risk-adjusted mortality rate for each surgical 
procedure is unstable over time and does not change, on 
average, from 1988 to 1990 as indicated by the paired t­
test. Since volume increased but outcome did not, the 
answer to the research question does not support the notion 
of longitudinal causality in the volume-outcome 
relationship. 
The panel regression analysis examines the extent to 
which the outcomes in the prior period affect the volume-
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outcome relationship in the subsequent period. A 
significant interaction between prior outcomes and volume 
would suggest the likelihood of a selective-referral effect. 
Once again, the results vary by surgical procedure. The 
cross-sectional, volume-outcome relationships for hip 
fracture and cholecystectomy remain intact in the 
longitudinal regressions, even after controlling for risk­
adj usted mortality rates in the prior period. 
Interestingly, a significant portion of the variation in 
outcomes in 1990 is explained by the interaction term, all 
else held constant. This means that the mortality 
experience in 1988 does interact with volume, which, in 
turn, has an influence on 1990 mortality rates. The 
existence of this selective-referral effect, however, does 
not diminish the practice-makes-perfect effect demonstrated 
by the cross-sectional volume-outcome relationship. Volume 
remains an insignificant explanatory variable for carotid 
endarterectomy, hip replacement, and pacemaker insertion, 
even after controlling for mortality rates in 1988. 
Summary 
This chapter presented the empirical results of this 
research. Analyses of the sample data were performed using 
univariate descriptive statistics, linear regression, 
confirmatory factor analysis, and structural equation 
modeling using LISREL 7. 
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The validity of four of the five latent constructs was 
established by confirmatory factor analysis. The latent 
variable, outcome, was found not to be a valid construct of 
mortality when measured by the risk-adj usted mortality rates 
of five surgical procedures. 
The simple linear regression analysis revealed that the 
basic volume-outcome relationship existed only for hip 
fracture cases and cholecystectomy cases. This was 
confirmed by the results of the structural equation model. 
After taking into the account the effects of structure and 
process on outcome, the volume-outcome relationship was 
diminished substantially. 
The introduction of hospital and environmental control 
variables helped to explain some of the variation in risk­
adj usted mortality rates, but did not improve the fit of the 
structural equation model to the sample data. 
Finally, while volumes increased from 1988 to 1990, 
mortality rates did not change, on average. The 
hypothesized causal effects inherent in the longitudinal 
analysis were not supported. The panel regression analysis, 
controlling for outcome in 1988, did not materially affect 
the results from the cross-sectional regressions or the 
structural equation models. 
Generalizations from the findings and conclusions are 
discussed in Chapter 5. 
CHAPTER 5 - SUMMARY AND CONCLUSIONS 
This chapter summarizes the results of this research 
and provides conclusions regarding the findings. 
Theoretical considerations are examined, and generalizations 
are made from this research to existing related empirical 
research. Finally, policy implications are explored, and 
limitations of the study are presented along with 
suggestions for future research. 
Summary of Results Related to the 
Research Questions and Conceptual Model 
The empirical results presented in Chapter 4 are 
discussed in this section as they relate to the research 
questions and to the expanded volume-outcome model. 
Volume-Outcome Relationship 
The first research question asks about the existence of 
the volume-outcome relationship. The conceptual model 
addresses the question by incorporating a direct causal path 
from volume to outcome, yet also specifying the indirect 
effect of volume on outcome through structure and process. 
Unique to this research is the specification of volume and 
outcome as latent constructs. A hospital that performs a 
high volume of one procedure is expected to perform high 
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volumes of many procedures. Correspondingly, if a 
hospital's volume varies systematically for all procedures, 
then its mortality rates for those procedures are expected 
to vary systematically as well. 
The measurement model for volume confirms the 
proposition that a high volume hospital will systematically 
perform high volumes of all procedures being studied. The 
factor loadings for the five indicator variables on the 
latent construct, volume, are significant and large. 
Unfortunately, however, the measurement model for outcome is 
not validated. Mortality rates do not vary systematically 
by surgical procedure within a single hospital. 
The purpose of the cross-sectional regression analysis 
of the volume-outcome relationship is to establish a 
baseline measure of the relationship between volume and 
outcome before taking into account other hospital factors 
that could affect outcome. Only cholecystectomy and hip 
fracture procedures demonstrate a downward sloping 
relationship where risk-adj usted mortality rates are worse 
at low volumes and better at high volumes. The lack of a 
uniform relationship across all five procedures is not 
surprising since the findings of previous research are also 
mixed, albeit a maj ority reporting the downward sloping 
volume-outcome relationship. 
Luft, Garnick, Mark, & McPhee (1990) summarized 25 
significant research findings on the volume-outcome 
relationship by procedure and diagnosis. The summary 
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reported mixed results. For example, the downward sloping 
relationship was found in eight of eleven studies on hip 
replacement. For hip fracture, the relationship existed in 
only one of six studies cited. Findings were also mixed for 
cholecystectomy. Flood et al. (1984), Luft (1980), and 
Maerki et al. (1986) all found the downward sloping 
relationship whereas Hughes et al. (1987) did not. Hannan 
et al. (1989) found a hospital volume effect for 
cholecystectomy, but no physician volume effect. Findings 
for carotid endarterectomy were also inconsistent. Luft 
(1980) found a lower mortality throughout the range of 
volume, but Hertz et al. (1984) found no relationship for 
carotid endarterectomy when studying three separate vascular 
procedures. Other studies that evaluated the relationship 
for many different procedures or diagnoses in the same study 
found inconsistent results across procedures, but 
proportionately more exhibited the relationship than did 
not. Riley and Lubitz (1985) found a volume-outcome 
relationship for only four of eight procedures, and Maerki 
et al. (1986) found the relationship existed in 13 out of 15 
diagnoses and procedures. 
The structural equation model for each surgical 
procedure upholds the findings from the linear regressions. 
The risk adjusted mortality rates for cholecystectomy and 
hip fracture are affected directly by volume. 
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There are several possible reasons why different 
surgical procedures show the volume-outcome relationship. 
One reason is that some procedures are performed on an 
emergency basis, whereas others are predominantly elective. 
One would expect volume effects to appear in procedures that 
are high-risk or technically complex, and where experience 
and established protocols are of paramount importance. The 
volume-outcome relationship may appear in procedures handled 
predominantly by subspecialists rather than by generalists. 
In some cases, the anesthetic techniques may be different 
and explain why the volume-outcome relationship exists. 
Conversely, the effects of hospital-level volume may be more 
pronounced in less risky cases where equipment and routines 
are more important than clinician experience. 
Open reduction of hip fracture is one of two procedures 
in this study that has exhibited a volume-outcome 
relationship. A possible explanation is provided as 
follows. Hip fractures are a major cause of morbidity and 
mortality in the elderly. Surgery results in prolonged bed 
rest and immobility, leading to other complications. 
Mortality rates are high, and surgery for hip fracture is 
done on an urgent or emergent basis. Hip replacement, in 
contrast, is generally performed on an elective basis, and 
mortality rates are low. The results of this study do not 
find support for a volume-outcome relationship for hip 
replacement. In addition, the procedure codes for hip 
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replacement used by HCFA include other arthroplasties along 
with total hip replacement - procedures that are less risky 
and less complex than total hip replacement. 
Cholecystectomy is generally performed for relief of 
symptoms, removal of gallstones, or obstruction. Usually 
the surgery is not performed under life-threatening 
conditions. The volume effect found in this study is an 
example of the notion that hospital volume is important (in 
contrast to physician volume) when a procedure is less risky 
and hospital equipment and hospital processes are more 
important than individual surgeon experience. 
No volume-outcome relationship has been found for 
carotid endarterectomy. Patients receiving this procedure 
are generally elderly and have pre-existing heart disease. 
The major outcome risk is stroke, not death. It is possible 
too, that the HCFA predicted mortality rates do not account 
properly for the risk in this technically complex, but low­
risk (of death) procedure. As a result, the risk-adjusted 
rates are understated, causing the downward sloping volume­
outcome relationship to flatten. Pacemaker insertion 
follows much the same logic. 
Overall, only a small portion of the variation in 
hospital-level mortality rates is explained. This 
corresponds to previous research in which equations 
predicting hospital-level outcomes have low to moderate 
explanatory power. For example, Luft et al. (1987), Luft 
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(1980), and Farley and Ozminkowski (1992) present findings 
from regression analyses on the volume-outcome relationship 
where model R2s range from 0.014 to 0.028, differing for 
each procedure or diagnosis. Equations that predict 
patient-level outcomes have been much more successful at 
accounting for variation in mortality rates primarily 
because these have included clinical factors that more 
closely account for comorbidities and differences in patient 
severity (Chassin et al., 1989; Dubois, Rogers, et al., 
1987; Iezzoni, Ash, et al., 1992; Iezzoni, Foley, et al., 
1992; Rosen & Green, 1987). Risk-adjustment procedures 
such as risk-adjusted mortality ratios (actual rate divided 
by predicted rate) are relatively crude for some surgical 
procedures and seem unable to identify hospitals with very 
high risk cases. 
Another confounding factor is that physician volume may 
be more important than hospital volume for surgical cases. 
If the experience of each individual surgeon accounts for 
most of the variation in mortality rates, then aggregate 
hospital-level volume will not capture physician-level 
differences. 
In summary, the conceptual model proposes that only 
part of the variation in mortality rates are explained 
directly by volume. This portion of the conceptual model is 
confirmed for cholecystectomy and hip fracture where the 
relationship is significant, negative (i.e., higher volumes, 
lower mortality rates), but small. 
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A significant portion of 
the variation in mortality rates, however, is explained by 
structure and process features that are a direct result of 
volume, but also directly influence outcomes. 
Structure, Process and Outcome 
The objective of the second research question is to 
expand the current knowledge about the mere existence of the 
volume-outcome relationship and ascertain how or why it 
exists. 
First, volume, along with other exogenous factors, is 
hypothesized to have an impact on a hospital's structure. 
The research from structural contingency theory supports the 
idea that higher volumes lead to larger size, and larger 
size is associated with structural differentiation and 
specialization. Additionally, the literature on organization 
innovation lends further support to the knowledge that 
technical competence is enhanced in hospitals that are 
larger, more specialized, and more differentiated. Not only 
is the contingency relationship supported by the significant 
causal path from volume to structure, but it is also 
manifested in the large and significant factor loadings of 
the indicator variables in the structure construct. Thus, 
large hospitals are more structurally differentiated and 
have greater technical complexity. 
The literature suggests that patient outcomes are 
better in large, specialized, technically competent 
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hospitals. The literature, however, does not take into 
account the recursive causal relationship between structure 
and process: structure influences process and process 
influences outcomes. This illustrates the application of 
the structure, process, outcome framework of Donabedian 
( 1966) 0 In contrast, this research finds the indirect 
effect of structure on outcome to be positive (although 
small) for all procedures except pacemaker insertion. This 
means that the larger or greater the structural features, 
the higher the mortality rate. This finding is incongruent 
with earlier research on hospital structure and quality of 
care, but can be explained by evaluating the causal path of 
structure to process, then process to outcome, controlling 
for exogenous factors, such as volume. 
In all five models, the effect of structure on process 
is large and positive. This means that the greater the 
structural differentiation, technical competence and size, 
the greater the service intensity and resource consumption. 
The empirical results support the hypothesized direction 
from structure to process in the model. At the same time, 
the effect of volume on process is moderately large and 
negative. This means that the higher the volume, the less 
the service intensity and resource consumption. Although 
higher volumes may lead to greater efficiency in the care 
process, process is more influenced directly by the 
hospital's structure. The deleterious effect of structure 
overshadows any benefits to process, and eventually to 
outcome, that come from high volumes. 
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The effect of process on outcome is not consistent 
across the five models. The process to outcome relationship 
exists only for hip fracture and hip replacement: the 
greater the service intensity and resource consumption, the 
worse the outcomes. The effect of process on outcome is not 
significant for cholecystectomy, pacemaker insertion, and 
carotid endarterectomy. A possible explanation for why the 
effect of process has not been found for these three 
surgical procedures is that the risk-adjusted mortality 
rates are not normally distributed. As a result, the 
parameter estimates are not efficient. Other researchers 
(Al-Haider & Wan, 1991; Shortell & Hughes, 1988; Wan, 
1992; Wan et al., 1992) have found evidence of worse 
outcomes where there is greater service intensity, although 
the outcome is measured by overall mortality rate, not a 
procedure-specific one. 
Summary 
In this research, volume has a negative and small, but 
significant, direct impact on risk-adjusted mortality rates 
for hip fracture and cholecystectomy procedures. A 
substantial portion of the variation in the model is 
explained by volume's effect on structure and process. 
Thus, one can conclude that volume has direct and indirect 
effects on outcome, and supports the central conceptual 
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component of the model that hospital characteristics 
influenced by volume also have a direct impact on outcomes 
themselves. Mortality rates for hip fracture and 
cholecystectomy are lower than expected for the level of 
patient risk when volumes are high, but high volumes also 
lead to structural characteristics that work against the 
benefits of high volume. One of the strongest causal paths 
of the model is the effect of structure on process, causing 
greater service intensity and resource consumption, and 
ultimately leading to higher mortality rates for certain 
surgical procedures. Even when volume influences process in 
such a way that high volumes cause less service intensity 
and resource consumption, it is the effect of structure on 
process that leads to higher mortality rates. 
In conclusion, volume's direct beneficial effect on hip 
fracture and cholecystectomy outcomes is attenuated by its 
indirect effect on outcome through structure, in turn 
causing higher mortality rates through process. The 
structure-process-outcome relationship is substantiated. 
The structural characteristics that have been found by 
others to be associated with better quality are the very 
same characteristics that cause the detrimental, service­
intensive processes of care. 
Volume does not have a direct influence on mortality 
rates for carotid endarterectomy, pacemaker insertion, and 
hip replacement. In the case of hip replacement, the 
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predominant influence on outcome comes from structure and 
process. Conversely, very little of the variation in 
outcome for carotid endarterectomy and pacemaker insertion 
is explained by the model, as revealed by insignificant 
parameter estimates from volume to outcome and from process 
to outcome. 
Notably, the total coefficient of determination for 
structural equations is large and fairly stable for all five 
structural equation models, regardless of the lack of 
significance of the gamma and beta coefficients on outcome. 
One can conclude that the hospital-level, structural 
contingency relationships and the effect of structure on 
process are the predominant forces behind hospital quality, 
and are conceptualized well in the model. 
Changes in Volume and Outcome Over Time 
A few of the recent panel studies on the volume-outcome 
relationship (Farley & Ozminkowski, 1992; Hannan, Kilburn, 
O'Donnell, et al., 1992) stress the importance of analyzing 
changes in volume over time to detect the true causal 
effects on changes in outcome. Farley and Ozminkowski 
(1992) found support for a causal effect in their panel 
study over an eight year period, but it varied by procedure 
and by causal direction. They found support for the 
practice-makes-perfect effect for myocardial infarction, 
hernia repair, and respiratory distress in neonates. They 
also found a longitudinal causal effect for coronary artery 
219 
bypass graft surgery, but it was in the opposite causal 
direction: better outcomes cause higher volumes (selective­
referral effect). They found no longitudinal causal effect 
for hip replacement. More importantly, Hannan, Kilburn, 
O'Donnell, et al. (1992) found no hospital-level effect over 
time. Hospital volume was stable over the six year period 
they studied. They found the longitudinal causal effect to 
exist only for changes in physician volume. 
It appears that while panel studies are important in 
detecting true causality, it has been difficult to obtain 
global, generalizable results from them. This research did 
not find support for a causal relationship over time. 
Although volume increased, mortality rates did not change, 
on average, over the two year period. The empirical results 
of the panel analysis showed hospital volume to be highly 
stable for all five surgical procedures as reflected in a 
high beta coefficient. The risk-adjusted mortality rates, 
on the other hand, were unstable. It is highly likely that 
the period from 1988 to 1990 is not long enough to detect 
changes in mortality rates. Because the conceptual model 
proposes that the volume-outcome relationship is influenced 
greatly by a hospital's structure and process, then it makes 
sense that little change is seen in outcomes over the two 
year period, since a hospital's structure and process cannot 
be expected to change substantially over such a short period 
of time. Further, when the regression model takes into 
account the effect of outcome in the earlier period, the 
cross-sectional volume-outcome relationship remains 
essentially intact. 
Other Interesting Results 
Other significant causal relationships in the 
conceptual model yield some interesting, and even 
unexpected, results. 
Average Length of Stay 
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There is empirical support (Al-Haider & Wan, 1991; 
Flood et al., 1979; Shortell & Hughes, 1988; Wan, 1992; 
Wan et al., 1992), as well as intuitive appeal, for the 
positive relationship between average length of stay and 
mortality rate: the longer a hospital's average length of 
stay, the higher the mortality rate. Longer stays, on 
average, imply sicker patients who are more likely to die. 
Longer stays also allow more time for hospital-induced, 
iatrogenic diseases to occur. Longer lengths of stay have 
been linked to inefficient process of care that cause worse 
patient outcomes. Interestingly, the findings in this 
research reveal a negative correlation between length of 
stay and mortality: the longer the length of stay the lower 
the risk-adj usted mortality rate. While it is possible that 
this finding is an anomaly of the sample of hospitals in 
this study, further examination of the causal, direct, and 
indirect effects illustrate the incongruence between this 
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research and previous research. 
Average length of stay has been found to have a strong, 
negative causal effect on process, which is measured by 
service intensity and resource consumption. (The 
confirmatory factory analysis for the process construct 
produces a highly valid construct as measured by indicator 
variables representing these two dimensions.) This means 
that the shorter the length of stay, the more that is done 
to the patient. Scott et al. (1979) also have found support 
for the negative association between length of stay and 
service intensity. Recall that the results of the 
structural equation model show more service intensity and 
resource consumption leading to worse outcomes for hip 
fracture and hip replacement. Thus, a shorter length of 
stay leads directly to greater service intensity and 
resource consumption, and indirectly to higher mortality 
rates. The direct and indirect causal relationships in the 
structural equation model validate the simple, negative 
correlation between length of stay and mortality rate. 
Much of the literature on efficiency and quality of 
care supports the relationship between more efficient care 
(less consumption of resources relative to output) and 
better outcomes (Fleming, 1990; Flood et al., 1979; 
Goldfarb & Coffey, 1987; Keeler et al., 1992; Scott & 
Flood, 1987; Scott et al., 1979; Wan, 1992; Wan et al., 
1992). The results of this study are comparable to previous 
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research with one exception: average length of stay, as 
specified by the expanded volume-outcome model, is not 
itself a measure of inefficiency, but rather it is a causal 
factor for inefficiency. Previous research has not 
disentangled this causal relationship, and this may explain 
the unexpected findings in this research on the effects of 
average length of stay. 
Contextual Variables 
The model incorporates additional hospital-level and 
environmental variables that have been found in other 
research to affect the volume-outcome relationship or 
quality of care. Although none of the control variables 
incorporated in this study improve the overall model fit, 
several have a significant direct effect on hospital-level, 
risk-adjusted mortality rates. In the case of hip fracture, 
SYSTEM has a negative effect, meaning system hospitals are 
associated with lower mortality rates, all else being equal, 
but excluding the effects of teaching hospitals. When the 
effects of teaching hospitals are included in the model 
(excluding the simultaneous effects of osteopathic hospitals 
and hospitals that are JCAHO accredited), teaching 
hospitals, and western regions of the United States are 
associated with higher mortality rates, all else held 
constant. 
Most notably, teaching hospitals have been found in 
other research (Al-Haider & Wan, 1991; DesHarnais et al., 
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1991; Farley and Ozminkowski, 1992; Flood et al., 1982; 
Flood et al., 1984b; Hannan et al., 1989; Hughes et al., 
1988; Kelly, 1990; Kelly & Hellinger, 1986; Kelly & 
Hellinger, 1987; Luft, 1980; Luft, Garnick, Mark, & 
McPhee, 1990; Luft et al., 1987; Shortell and LoGerfo, 
1981; Wan et al., 1992) to be associated with better 
quality of care, controlling for patient risk factors. Yet, 
as this research has shown, teaching hospitals have higher 
mortality rates for hip fracture cases. Because the risk of 
death is high in hip fracture cases, it is likely that the 
risk-adjustment procedure has failed to account adequately 
for the higher risk patients typically found in teaching 
hospitals. The effect of teaching hospitals is noticeably 
absent in the other four models. Perhaps the impact of a 
teaching hospital on patient quality is already captured in 
these models: Teaching hospitals are strongly represented 
in the large, structurally differentiated hospitals that 
promote inefficiency through service intensity and resource 
consumption, leading to worse outcomes. 
Policy Implications 
Review of hospital performance is of increasing concern 
as more and more constraints are imposed on clinical 
practice and hospital services that may affect quality of 
care. The findings of this research suggest that the 
volume-outcome relationship cannot be evaluated 
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independently of the over-arching structure and process in 
the hospital. To simply suggest that patients be treated in 
regional centers where more procedures are performed is 
underestimating the impact of the context in which the 
volume-outcome relationship exists. Regionalization of 
services to achieve large volumes in expectation of better 
outcomes or channeling patients to existing higher quality 
hospitals should be executed only where the breadth of 
specialization has been narrowed and structural complexity 
has been downsized, or where efficiency in the care process 
has been achieved. Any remaining consideration given to 
volume effects must be done on a procedure-specific basis. 
The recent emergence of ''centers of excellence" may be the 
health care industry's response to this need to improve 
quality by specializing in specific services, simultaneously 
creating efficiency and higher volumes. In addition, policy 
makers should not impose certificate-of-need regulations on 
hospitals to require a minimum volume so that a particular 
service can be offered by the hospital. Instead, the 
allocation of services should be based on a review of all 
aspects of hospital performance, exposing the inefficient 
clinical and production processes of care that are often, 
but not always, a function of large, bureaucratized 
hospitals. 
A particular focus for policy makers, payers, and 
hospital administrators is the hospital's average length of 
stay. 
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In the period of time following the implementation of 
prospective payment, the average length of stay in United 
States' hospitals has generally declined, although it has 
fluctuated in recent years. But as this research has shown, 
shorter lengths of stay point to an increase in personnel, 
operating expenditures, and services per patient day. Thus, 
it appears that hospitals may be compensating for their lost 
patient days by providing more services, or they are 
providing the same services in shorter periods of time. 
Market forces and competition in recent years have been 
pushing patients to hospitals with lower charges. 
Serendipitously, patients have received benefit from this 
competitive force. Higher charges reflect more tests and 
services, which, for some hospitals, are indicative of 
inefficiencies and worse patient outcomes. Maintaining 
competition among hospitals by channeling patients to more 
efficient providers would serve to reduce health care 
expenditures and improve quality. 
Quality differences across hospitals are complex and 
difficult for the average patient to understand. The 
dissemination of objective data to physicians and payers, on 
the other hand, can help them make referral or contract 
decisions while at the same time contribute to efficiency in 
the health care sector of the economy. 
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Limitations 
There are several limitations of this study. The first 
limitation is the use of mortality rates as the measure of 
patient outcomes, i.e., quality of care. Despite the fact 
that mortality rates are the most widely used measure in 
assessing patient outcomes, they are generally considered to 
be an insensitive measure of quality for surgical patients 
because death is a relatively rare occurrence. Researchers 
have evaluated other outcome measures, such as complications 
or readmissions, but these are often less objectively 
measured than mortality. Valid comparisons of death rates 
across hospitals require sufficient adjustment for case mix, 
disease severity, and comorbidity. If adjustment is 
adequate, then mortality rates may reflect avoidable deaths 
and are a good approximation of events that are within the 
hospital's domain of control. 
This gives rise to the second limitation of the study: 
the use of claims data in the risk-adjustment procedure. 
This paper has presented evidence that using detailed 
clinical data is somewhat more sensitive than claims data in 
adjusting for patient factors that may cause death other 
than the surgical procedure; however, the use of claims 
data has been shown to be adequate. 
Related to these issues is the third limitation that 
the mortality rate used in this study is a 15-day post­
admission rate (this is the shortest time interval available 
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on the HCFA mortality data tape) . All of the previous 
research using mortality rates uses an in-hospital mortality 
rate or a mortality rate within a specified period of time 
from discharge. Recall that DesHarnais et al. (1991) 
compares hospitals' Medicare risk-adj usted inpatient 
mortality rates with the same hospitals' inpatient plus 30-
days post-discharge mortality rates and finds the 
correlation between the two to be very high (r = 0.97) In 
most instances, it is expected that the 15-day post­
admission rate corresponds to the in-hospital or 30-day 
post-discharge rates. 
A fourth limitation of this study is the two year time 
interval for the two-wave panel study. The primary reason 
for this is the lack of mortality data in prior years 
calculated by a methodology consistent with that of the 
1988-1990 data. (The source of data for volume and 
mortality rates is the HCFA Medicare Hospital Information 
data for 1988, 1989 and 1990. The hazard model methodology 
used by HCFA to calculate predicted mortality rates is 
unique to this data file; prior years' mortality data are 
calculated using logistic regression and are grouped by 
different categories of procedures and diagnoses.) Two 
years is too brief a period for evaluating changes in 
volumes and outcomes of five specific surgical procedures 
because hospitals are, for the most part, large and complex 
organizations that do not respond quickly to changes in 
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external forces that cause changes in volume, the exogenous 
latent variable in the model. Likewise, two years is 
insufficient to demonstrate significant changes in structure 
and process. 
The fifth limitation is the measurement of the latent 
variables, volume and outcome, by using the volume and the 
mortality rates of Medicare patients as a proxy for 
hospital-level volume and outcome. The proportion of 
Medicare patients varies among hospitals such that hospitals 
with few Medicare patients would be called a low volume 
hospital regardless of the overall volume of procedures 
performed on other patients. In addition, the selection of 
five surgical procedures to measure the latent variables was 
somewhat arbitrary; a balance was sought between simplicity 
by including only a few, and exhibiting systematic variation 
by including enough. 
The distributional properties and overall quality of 
the data are a sixth limitation in the study. The 
structural equation modeling methodology assumes all 
variables are normally distributed and have no significant 
kurtosis. Unfortunately, none of the variables used in the 
model pass tests of significance for normality, and several 
variables, notably the risk-adjusted mortality rates, have 
very large kurtosis. Although the maximum likelihood 
estimation technique relies on the asymptotic properties of 
the large sample size to ameliorate the distributional 
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difficulties, the parameter estimates are not necessarily 
the most efficient. The quality of the financial data in 
the model is suspect because it comes from unaudited HCFA 
cost report data. The particular variables, cash flow, 
operating margin ratio, and return on assets, are screened 
by HCFA for data integrity before incorporating them into 
the Minimum Data Sets data file, but are not audited for 
financial reliability. 
Finally, there exists the limitation de rigueur 1n 
causal modeling whereby causal relations can never be 
proven; rather, causality can only be inferred from the 
degree to which the hypothesized theoretical model fits the 
data. Even this is not enough to establish causality 
because it is possible that alternative models may fit the 
data. This research attempts to address the issue of 
causality by introducing a longitudinal component in the 
analysis, but limitations in data availability precluded a 
reliable test of causality. 
Future Research 
Future research should build on the findings herein and 
consider several different directions. 
The concept of causality could be strengthened further 
by incorporating a longer time interval for the longitudinal 
analysis. A longer time period would allow for simultaneous 
changes in volume and mortality rates to occur so that true 
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cause and effect could be determined. For example, if 
volume increases over a ten year period, would mortality 
rates decline? Would there be a lag in time from volume 
increases to the time that mortality rates decrease? One 
could also explore the possibility that a decline in 
mortality rates precedes changes in volume. A longer time 
interval for a panel study would also allow for measurable 
changes in a hospital's structure and process, which are 
influenced by volume and have a direct impact on outcomes. 
The analysis of the longer interval panel data could 
use a structural equation model methodology. All points in 
the time period would be evaluated simultaneously with the 
same model. Hayduk (1987) refers to this process as stacked 
models for multiple groups, and suggests that group is 
appropriate when the data are from different time periods. 
All that is needed is an input covariance matrix for each 
time period. The advantage of stacking groups is that some 
of the parameters can be constrained to be equal between 
groups while others can be estimated. If certain parameters 
are not stable from one time period to the next, then the 
hypothesized causal relations are substantiated because of 
temporal sequence. 
Another area of interest for future research is to 
select outlier hospitals with very high mortality rates or 
very short lengths of stay in order to increase the 
likelihood that the analysis would be directed at hospitals 
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with the best chance of improving quality. The hospitals 
could then be stratified further according to structural 
characteristics, e.g., large, teaching hospitals, to explore 
in more detail the impact of structure on process of care. 
Process of care would need to be re-conceptualized in order 
to distinguish clearly between clinical efficiency and 
production efficiency. 
Future research could be directed at exploring the 
reasons why the volume-outcome relationship exists for some 
surgical procedures and diagnoses, but not for others. 
Incorporating an analysis of physician volume versus 
hospital volume may contribute to an understanding of the 
differences by procedure. Some surgical procedures, for 
example, are complex, performed on patients with life­
threatening conditions, and are performed by sub­
subspecialists. Physician volume effects may be the 
predominant force behind some measures of the volume-outcome 
relationship. On the other hand, it may be difficult to 
detect any volume effect at all for less complicated, 
widespread procedures performed by general surgeons. An 
analysis of the variation in the volume-outcome relationship 
by surgical procedure could also benefit from clinical 
measures of severity of illness not available in claims 
data. 
Finally, a latent variable model could be specified 
with alternative indicators for process and outcome. 
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Process of care could be measured by clinical efficiency and 
production efficiency. The re-conceptualization would be 
particularly useful in a model that incorporates both 
physician-level volume and hospital-level volume. In 
addition, alternative measures of outcomes could be used in 
the same model to determine the extent of the effect of 
volume or other structure and process characteristics. An 
interesting outcome variable would be hospital malpractice 
claims. Do higher volumes lead to fewer malpractice claims? 
Other outcome measures to consider are readmission rates, 
complication rates, and patient opinion of quality of care. 
It would be interesting to include each in one latent 
construct and devise a conceptual model that would explain 
overall quality of care. 
Summary 
This chapter has attempted to describe the results of 
this research in a manner that is directly useful to policy 
makers, regulators, health care providers, and consumers. 
This study has shown that patient outcomes in the hospital 
are influenced directly and indirectly by higher volumes for 
certain types of surgery, yet more research is necessary to 
draw implications for the quality of all services provided 
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ICD-9-CM Procedure Codes for Five Surgical Procedures 
Hip Fracture, Cholecystectomy, Hip Replacement, Carotid 
Endarterectomy and Pacemaker Insertion 
1. Open Reduction of Fractured Femur (Hip Fracture) 






open reduction of fracture with internal 
fixation; site - femur 
fracture of neck of femur 
total cholecystectomy; cholecystectomy 
NOS 
3. Hip Replacement/Revision 
ICD-9-CM: 81.5, 81.6 (exclude 81.69) on 10/1/89 code 
81.5: 
81.6: 
81.51 through 81.53 with same diagnosis 
total hip replacement 
other arthroplasty of hip; includes 
arthroplasty of hip with external 
traction on fixation, internal fixation 
device or prosthesis 
(table continues) 
Table A-1 (continued) 
4. Carotid Endarterectomy 
245 
ICD-9-CM: 38.12 with 433.1, 433.3 or 435 as a principal 
diagnosis 
38.12: endarterectomy with embolectomy, patch 
graft, temporary bypass during 
procedure, or thrombectomy; site - head 




occlusion and stenosis of precerebral 
arteries; includes embolism, narrowing, 
obstruction, thrombosis of basilar, 




multiple and bilateral 
transient cerebral ischemia 
5. Pacemaker Insertion, Initial 
ICD-9-CM: 37.73, 37.74, 37.75, 37.77 (after 10/1/87 use 




insertion of cardiac pacemaker, NOS 
insertion of temporary pacemaker into 
ventricle 
insertion of temporary pacemaker into 
other and unspecified site 
(table continues) 
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Table A-1 (continued) 





insertion of permanent pacemaker into 
atrium, transvenous route 
insertion of permanent pacemaker into 
ventricle, transvenous route 
insertion of permanent pacemaker into 
unspecified site, transvenous route 
insertion of permanent pacemaker into 




Correlations and Test Statistics 
(PE=Pearson Product Moment, PC-Polychoric, PS Polyserial) 
n=1752 
TEST OF MODEL TEST OF ZERO CORR. 
CORRELATION CHI-SQU. D.F. P-VALUE CHI-SQU. P-VALUE 
CE VOL vs. PI VOL 0.564 (PE) 711.963 0.000 
HR-VOL VS. PI -VOL 0.624 (PE) 936.432 0.000 
HR VOL VS. CE-VOL 0.563 (PE) 706.311 0.000 
HF-VOL vs. PI VOL 0.601 (PE) 643.773 0.000 
HF-VOL vs. CE-VOL 0.432 (PE) 373.436 0.000 
HF-VOL VS. HR VOL 0.662 (PE) 1211.250 0.000 
CH-VOL vs. PI -VOL 0.676 (PEl 1160.496 0.000 
CH-VOL VS. CE-VOL 0.596 (PE) 630.502 0.000 
CH-VOL vs. HR-VOL 0.736 (PE) 1550.014 0.000 
CH-VOL vs. HF-VOL 0.694 (PE) 1277.162 0.000 
CASH FLOW VS. PI VOL 0.249 (PE) 113.315 0.000 
CASH FLOW vs. CE-VOL 0.260 (PE) 145.131 0.000 
CASH FLOW vs. HR-VOL 0. 309 (PE) 176.076 0.000 
CASH FLOW VS. HF-VOL 0.163 (PE) 47.261 0.000 
CASH FLOW VS. CH-VOL 0.275 (PE) 139.462 0.000 
OP MAR VS. PI VOL 0.073 (PE) 9.430 0.002 
-OP MAR VS. CE-VOL 0.129 (PE) 29.469 0.000 
-OP MAR vs. HR-VOL 0.106 (PE) 20.422 0.000 
-OP MAR vs. HF-VOL 0.101 (PE) 17.763 0.000 
OP-MAR vs. CH-VOL 0.154 (PE) 42.394 0.000 
OP-MAR vs. CASH FLOW 0.335 (PE) 211. 966 0.000 
ROA vs. PI VOL 0.039 (PE) 2.667 0.101 
ROA vs. CE-VOL 0.044 (PE) 3.405 0.065 
ROA VS. HR-VOL 0.024 (PE) 1.029 0.310 
ROA vs. HF-VOL 0.026 (PE) 1.194 0.275 
ROA vs. CH-VOL 0.036 (PE) 2.290 0.130 
ROA vs. CASH FLOW 0.049 (PE) 4.146 0.042 
ROA VS. OP MAR 0.045 (PE) 3.476 0.062 
-HOS TYPE vs. PI VOL -0.032 (PS) 143.464 15 0.000 1.769 0.161 
- -HOS TYPE vs. CE VOL -0.079 (PS) 79.974 15 0.000 10.653 0.000 
HOS -TYPE vs. HR-VOL -0.049 (PS) 127.354 15 0.000 4.233 0.040 
HOS -TYPE VS. HF-VOL 0.016 (PS) 175.293 15 0.000 0.552 0.457 
HOS -TYPE VS. CH-VOL -0.023 (PS) 156.030 15 0.000 0.696 0.344 
HOS -TYPE vs. CASH FLOW -0.077 (PS) 225.135 15 0.000 10.360 0.000 
-HOS TYPE vs. OP MAR 0.127 (PS) 625.437 15 0.000 26.567 0.000 
-HOS TYPE vs. ROA -0.023 (PS)2704.165 15 0.000 0.919 0.336 
JCAHO N vs. PI VOL 0.173 (PS) 1.475 1 0.225 53.224 0.000 
JCAHO-N vs. CE-VOL 0.137 (PS) 0.105 1 0.746 33.361 0.000 
JCAHO-N vs. HR-VOL 0.177 (PS) 13. 942 1 0.000 56.107 0.000 
JCAHO-N vs. HF-VOL 0.155 (PS) 16.265 1 0.000 42.766 0.000 
JCAHO-N vs. CH-VOL 0.202 (PS) 31.3 64 1 0.000 73.441 0.000 
JCAHO-N vs. CASH FLOW 0.153 (PS) 76.916 1 0.000 41.616 0.000 
JCAHO-N vs. OP MAR -0.021 (PS) 5.729 1 0.017 0.797 0.372 
JCAHO-N vs. -ROA -0.091 (PS) 167.419 1 0.000 14.464 0.000 
JCAHO-N vs. HOS TYPE -0.096 (PC) 9.646 7 0.209 16.605 0.000 
COTH-N vs. PI VOL 0.206 (PS) 1.990 1 0.156 76.362 0.000 
COTH-N vs. CE -VOL 0.146 (PS) 0.233 1 0.630 36.709 0.000 
COTH-N vs. HR-VOL 0.243 (PS) 0.625 1 0.429 107.436 0.000 
(table continues) 
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Table B-1 (continued) 
TEST OF MODEL TEST OF ZERO CORR. 
CORRELATION CHI-SQU. D.F. P-VALUE CHI-SQU. P-VALUE 
COTH N VS. HF VOL 0.017 (PS) 24.336 1 0.000 0. 4 79 0.489 
COTH-N VS. CH-VOL 0.030 (PS) 21.893 1 0.000 1.585 0.208 
COTH-N vs. CASHFLOW 0.229 (PS) 953.863 1 0.000 94.935 0.000 
COTH-N vs. OP MAR -0.259 (PS) 409.506 1 0.000 123.236 0.000 
COTH-N VS. -ROA 0.001 (PS) 0.120 1 0.729 0.002 0.969 
COTH-N VS. HOS TYPE -0.255 (PC) 137.005 7 0.000 118.517 0.000 
COTH-N VS. JcAHO N 0.423 (PC) 0.000 0 1.000 356.214 0.000 
OSTEO-N vs. PI VOL -0.247 (PS) 0.159 1 0.690 111.371 0.000 
OSTEO-N vs. CE -VOL -0.255 (PS) 2.156 1 0.142 118.976 0.000 
OSTEO-N vs. HR-VOL -0.226 (PS) 2.268 1 0.132 92.590 0.000 
OSTEO-N vs. HF-VOL -0.213 (PS) 1.045 1 0. 307 81.835 0.000 
OSTEO-N vs. CH-VOL -0.344 (PS) 0.750 1 0.386 224.188 0.000 
OSTEO-N VS. CASH FLOW -0.147 (PS) 78.927 1 0.000 38.573 0.000 
OSTEO-N vs. OP MAR 0.052 (PS) 14.736 1 0.000 4.673 0.031 
-OS TEO N vs. ROA 0.058 (PS) 56.804 1 0.000 5.851 0.016 
-OS TEO N vs. HOS TYPE 0.160 (PC) 12.145 7 0.096 45.803 0.000 
OSTEO-N VS. JCAHO N -0.851 (PC) 0.000 0 1.000 2773.365 0.000 
OSTEO-N VS. COTH-N -0.384 (PC) 0.000 0 1.000 285.921 0.000 
SYSTEM-N vs. PI VOL 0.138 (PS) 0.054 1 0.816 33.766 0.000 
SYSTEM-N vs. CE-VOL 0.173 (PS) 0.149 1 0.699 53.452 0.000 
SYSTEM-N VS. HR-VOL 0.126 (PS) 2.631 1 0.105 28.005 0.000 
SYSTEM-N vs. HF-VOL 0.109 (PS) 7.324 1 0.007 20.896 0.000 
SYSTEM-N vs. CH-VOL 0.157 (PS) 0.387 1 0.534 43.836 0.000 
SYSTEM-N vs. CASH FLOW 0. 096 (PS) 18.555 1 0.000 16.375 0.000 
SYSTEM-N vs. OP MAR 0.062 (PS) 38.920 1 0.000 6.834 0.009 
SYSTEM-N vs. ROA 0.046 (PS) 643.506 1 0.000 3.743 0.053 
SYSTEM-N vs. HOS TYPE 0.196 (PC) 434.952 7 0.000 69.244 0.000 
SYSTEM-N vs. JcAHO N -0.054 (PC) 0.000 0 1.000 5.093 0.024 
SYSTEM-N vs. COTH-N -0.144 (PC) 0.000 0 1.000 36.984 0.000 
SYSTEM-N vs. OSTEO-N 0.022 (PC) 0.000 0 1.000 0.811 0.368 
REGION-N VS. PI VOL -0.117 (PS) 46.255 15 0.000 25.436 0.000 
REGION-N vs. CE-VOL 0.067 (PS) 48.768 15 0.000 8.286 0.004 
REGION-N vs. HR-VOL -0.005 (PS) 77.085 15 0.000 0. 04 9 0.824 
REGION-N VS. HF-VOL -0.097 (PS) 48.055 15 0.000 17.500 0.000 
REGION-N vs. CH-VOL -0.066 (PS) 52.888 15 0.000 8.152 0.004 
REGION-N vs. CASH FLOW 0.053 (PS) 193.651 15 0.000 5.171 0.023 
REGION-N vs. OP MAR 0.082 (PS) 696.047 15 0.000 12.315 0.000 
-REGION-N vs. ROA -0.004 (PS)5081.194 15 0.000 0.031 0.861 
REGION-N vs. HOS TYPE -0.098 (PC) 535.039 71 0.000 16.989 0.000 
REGION-N vs. JcAHO N 0.043 (PC) 27.317 8 0.001 3.275 0.070 
REGION-N vs. COTH-N -0.253 (PC) 10.431 8 0.236 116. 583 0.000 
REGION-N VS. OSTEO-N -0.097 (PC) 57.089 8 0.000 16.425 0.000 
REGION-N vs. SYSTEM-N 0.226 (PC) 12. 132 8 0.145 92.265 0.000 
MSA SIZE vs. PI VOL 0.186 (PS) 57.690 11 0.000 61.653 0.000 
MSA-SIZE vs. CE-VOL 0.020 (PS) 88.722 11 0.000 0.672 0.412 
MSA-SIZE vs. HR-VOL 0.094 (PS) 56.568 11 0.000 15.582 0.000 
MSA-SIZE vs. HF-VOL 0.132 (PS) 38.300 11 0.000 30.899 0.000 
MSA-SIZE vs. CH-VOL 0.026 (PS) 106.835 11 0.000 1.168 0.280 
MSA-SIZE vs. CASH FLOW 0.095 (PS) 737.022 11 0.000 16.018 0.000 
MSA-SIZE vs. OP MAR -0. 134 (PS) 154.292 11 0.000 31.870 0.000 
MSA-SIZE vs. ROA 0.033 (PS)4885.743 11 0.000 1.917 0.166 
MSA-SIZE vs. HOS TYPE 0.125 (PC) 150.339 47 0.000 27.797 0.000 
MSA-SIZE vs. JcAHO N -0. 115 (PC) 4.383 5 0.496 23.292 0.000 
MSA-SIZE vs. COTH:::N 0.372 (PC) 12.422 5 0.029 267.196 0.000 
(table continues) 
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Table B-1 (continued) 
TEST OF MODEL TEST OF ZERO CORR. 
CORRELATION CHI-SQU. D.F. P-VALUE CHI-SQU. P-VALUE 
MSA SIZE VS. OSTEO N 0.153 (PC) 3.113 5 0.683 41.824 0.000 
MSA-SIZE VS. SYSTEM
-
N 0.128 (PC) 24. 6 94 5 0.000 28.948 0.000 
MSA-SIZE VS. REGION
-
N -0.104 (PC) 432.015 53 0.000 19.081 0.000 
BEDS vs. PI VOL 0.529 (PE) 604.599 0.000 -BEDS vs. CE VOL 0.437 (PEl 384.666 0.000 
BEDS vs. HR
-
VOL 0.518 (PE) 575.459 0.000 
BEDS vs. HF-VOL 0.379 (PE) 277.489 0.000 
BEDS VS. CH
-
VOL 0.474 (PE) 464.081 0.000 
BEDS vs. CASH FLOW 0.416 (PE) 343.595 0.000 
BEDS vs. OP MAR -0.136 (PE) 32.969 0.000 -
BEDS vs. ROA 0.021 (PE) 0.761 0.383 
HOS TYPE vs. BEDS -0.146 (PS) 175.474 15 0.000 37.998 0.000 
JcAHO N vs. BEDS 0.254 (PS) 8.619 1 0.003 118.064 0.000 
COTH-N vs. BEDS 0.694 (PS) 302.212 1 0.000 1277.402 0.000 
OSTEO
-
N VS. BEDS -0.243 (PS) 18.283 1 0.000 107.088 0.000 
SYSTEM-N VS. BEDS 0.096 (PS) 9.991 1 0.002 16.342 0.000 
REGION-N vs. BEDS -0.128 (PS) 65.137 15 0.000 30.486 0.000 
MSA SIZE VS. BEDS 0.299 (PS) 301.805 11 0.000 166.837 0.000 
SUR SPEC vs. PI VOL 0.375 (PEl 271.107 0.000 - -SUR SPEC vs. CE VOL 0.287 (PE) 152.955 0.000 -SUR SPEC VS. HR-VOL 0.361 (PE) 250.402 0.000 -
SUR SPEC vs. HF
-
VOL 0.298 (PE) 165.382 0.000 -
SUR SPEC vs. CH
-
VOL 0.296 (PE) 162.218 0.000 -
SUR SPEC vs. CASH FLOW 0.161 (PE) 45.968 0.000 -
SUR SPEC vs. OP MAR -0.043 (PEl 3.305 0.069 - -SUR SPEC vs. ROA 0.004 (PE) 0.035 0.852 -
HOS TYPE vs. SUR SPEC 0.009 (PS) 178.961 15 0.000 0.152 0.696 
JcAHO N vs. SUR-SPEC 0.171 (PS) 61.109 1 0.000 52.382 0.000 





SPEC -0.122 (PS) 0.398 1 0.528 26.064 0.000 
SYSTEM::::N VS. SUR-SPEC 0.169 (PS) 23.228 1 0.000 50.831 0.000 
REGION N vs. SUR SPEC -0.050 (PS) 116. 166 15 0.000 4.562 0.033 
MSA SIZE vs. SUR
-
SPEC 0.439 (PS) 371.251 11 0.000 388.416 0.000 
SUR SPEC VS. BEDS 0.375 (PE) 272.461 0.000 -
MED SPEC vs. PI VOL 0.383 (PE) 284.405 0.000 
MED -SPEC vs. CE
-
VOL 0.305 (PE) 174.029 0.000 
MED -SPEC VS. HR
-
VOL 0.372 (PEl 267.432 0.000 
MED 
-
SPEC VS. HF-VOL 0.323 (PE) 195.648 0.000 
MED 
-
SPEC vs. CH-VOL 0.343 (PE) 223.926 0.000 
MED 
-
SPEC VS. CASH FLOW 0.131 (PE) 30.120 0.000 -MED SPEC vs. OP MAR -0.019 (PE) 0.622 0.430 
MED-SPEC vs. -ROA 0.005 (PE) 0.050 0.824 
HOS TYPE vs. MED SPEC 0.040 (PS) 251.465 15 0.000 2.823 0.093 
JcAHO N vs. MED 
-
SPEC 0.188 (PS) 27.855 1 0.000 63.278 0.000 
COTH-N vs. MED 
-SPEC 0.114 (PS) 15.567 1 0.000 22.849 0.000 
OSTEO-N vs. MED 
-
SPEC -0.163 (PS) 3.451 1 0.063 47.059 0.000 
SYSTEM-N vs. MED 
-SPEC 0.180 (PS) 69.530 1 0.000 57.875 0.000 
REGION
-
N vs. MED -SPEC -0.032 (PS) 128.577 15 0.000 1.876 0.171 
MSA SIZE vs. MED
-SPEC 0.334 (PS) 425.285 11 0.000 211.439 0.000 
MED SPEC vs. BEDS 0.297 (PEl 164.091 0.000 -
MED SPEC vs. SUR SPEC 0.659 (PE) 1095.202 0.000 
OTH 
-
SPEC vs. PI VOL 0.364 (PE) 253.888 0.000 
OTH -SPEC vs. CE-VOL 0.280 (PEl 144.610 0.000 
OTH -SPEC vs. HR
-




Table B-1 (continued) 
TEST OF MODEL TEST OF ZERO CORR. 
CORRELATION CHI-SQU. D.F. P-VALUE CHI-SQU. P-VALUE 
OTH 
-





VOL 0.312 (PEl 182.634 0.000 
OTH 
-
SPEC VS. CASH FLOW 0.174 (PEl 53.815 0.000 
OTH SPEC VS. OP MAR -0.087 (PE) 13.215 0.000 
OTH-SPEC -vs. ROA 0.026 (PE) 1.181 0.277 
HOS TYPE vs. OTH SPEC -0.027 (PS) 142.863 15 0.000 1.291 0.256 
JcAHO N -vs. OTH -SPEC 0.093 (PS) 14.933 1 0.000 15.303 0.000 COTH-N vs. OTH SPEC 0.463 (PS) 18.145 1 0.000 438.325 0.000 
-OSTE0 N vs. OTH SPEC 0.032 (PS) 0.467 1 0. 4 94 1.741 0.187 
SYSTEM-N -VS. OTH SPEC 0.114 (PS) 7.372 1 0.007 23.062 0.000 
-
REGION N VS. OTH SPEC -0.063 (PS) 152.639 15 0.000 7.282 0.007 
MSA SIZE vs. OTH 
-
SPEC 0.333 (PS) 102.790 11 0.000 209.028 0.000 
OTH-SPEC VS. -BEDS 0.468 (PE) 449.392 0.000 
OTH SPEC vs. SUR SPEC 0.517 (PE) 571.531 0.000 - -
OTH SPEC vs. MED SPEC 0.524 (PEl 592.322 0.000 
-TOT SERV vs. PI VOL 0.339 (PE) 217.113 0.000 
-TOT-SERV vs. CE VOL 0.284 (PE) 148.815 0.000 
TOT SERV vs. HR-VOL 0.392 (PE) 299.869 0.000 
-TOT SERV vs. HF VOL 0.292 (PE) 157.740 0.000 
-TOT SERV VS. CH-VOL 0.304 (PE) 171.791 0.000 
TOT-SERV vs. CASH FLOW 0.274 (PE) 138.573 0.000 
TOT SERV vs. OP MAR -0.083 (PE) 11.987 0.000 
-
TOT-SERV vs. ROA 0.011 (PE) 0.230 0.632 
HOS TYPE vs. TOT SERV -0.145 (PS) 200.011 15 0.000 37.303 0.000 
JcAHO N vs. TOT-SERV 0.138 (PS) 1.581 1 0.209 33.680 0.000 
COTH-N vs. TOT-SERV 0.572 (PS) 10.653 1 0.000 739.713 0.000 
OSTEO-N vs. TOT SERV -0.077 (PS) 1.093 1 0.296 10.511 0.000 
SYSTEM N VS. TOT-SERV 0.099 (PS) 0.297 1 0.586 17.245 0.000 
REGION-N vs. TOT-SERV -0.080 (PS) 144.506 15 0.000 11.778 0.000 
MSA SIZE vs. TOT SERV 0.195 (PS) 53.912 11 0.000 68.499 0.000 
-TOT SERV vs. BEDS 0.530 (PE) 609.029 0.000 
TOT-SERV vs. SUR SPEC 0.348 (PE) 229.869 0.000 
-
TOT-SERV vs. MED SPEC 0.298 (PE) 164.514 0.000 
TOT-SERV vs. OTH -SPEC 0.423 (PEl 357.005 0.000 
LIAISON VS. PI VOL 0.260 (PS) 7. 354 1 0.007 123. 967 0.000 
LIAISON vs. CE-VOL 0.173 (PS) 1.968 1 0.161 53.596 0.000 
LIAISON VS. HR-VOL 0.238 (PS) 15.743 1 0.000 103.106 0.000 
LIAISON vs. HF-VOL 0.215 (PS) 1.900 1 0.168 83.574 0.000 
LIAISON vs. CH-VOL 0.212 (PS) 2.853 1 0.091 81.046 0.000 
LIAISON vs. CASH FLOW 0.125 (PS) 130.942 1 0.000 27.749 0.000 
LIAISON vs. OP MAR -0.020 (PS) 28.719 1 0.000 0.687 0.407 
LIAISON vs. -ROA 0.002 (PS) 14.758 1 0.000 0.004 0.950 
LIAISON vs. HOS TYPE -0.093 (PC) 82.492 7 0.000 15.123 0.000 
LIAISON vs. JCAHO N -0.286 (PC) 0.000 0 1.000 151.807 0.000 
LIAISON vs. COTH-N 0.237 (PC) 0.000 0 1.000 102.331 0.000 
LIAISON vs. OSTEO-N 0.253 (PC) 0.000 0 1.000 116.654 0.000 
LIAISON vs. SYSTEM-N 0.037 (PC) 0.000 0 1.000 2.396 0.122 
LIAISON vs. REGION-N -0.215 (PC) 61.802 8 0.000 83.086 0.000 
LIAISON vs. MSA SIZE 0.226 (PC) 19.687 5 0.001 92.417 0.000 
LIAISON vs. BEDS 0.269 (PS) 0.156 1 0.693 132.973 0.000 
LIAISON vs. SUR SPEC 0.219 (PS) 42.674 1 0.000 86.864 0.000 
LIAISON vs. MED 
-SPEC 0.240 (PS) 111.178 1 0.000 104.589 0.000 
vs. OTH 
-




Table B-1 (continued) 
TEST OF MODEL TEST OF ZERO CORR. 
CORRELATION CHI-SQU. D.F. P-VALUE CHI-SQU. P-VALUE 
LIAISON VS. TOT SERV 0.268 (PS) 9.901 1 0.002 131.561 0.000 
PCT RN vs. PI VOL 0.091 (PE) 14.681 0.000 
PCT
-
RN vs. CE-VOL 0.125 (PE) 27.768 0.000 
PCT-RN VS. HR-VOL 0.197 (PE) 69.853 0.000 
PCT RN VS. HF
-
VOL 0.061 (PE) 6.618 0.010 -
PCT RN vs. CH
-
VOL 0.033 (PE) 1.903 0.168 
PCT-RN vs. CASH FLOW 0.132 (PE) 30.967 0.000 
PCT:::RN VS. OP -MAR -0.028 (PE) 1.350 0.245 
PCT RN vs. ROA 0.012 (PE) 0.267 0.605 
HOS TYPE vs. PCT RN 0.033 (PS) 79.147 15 0.000 1.890 0.169 
JcAHO N VS. PCT-RN 0.140 (PS) 0.349 1 0.555 34.847 0.000 
COTH
-
N vs. PCT RN 0.335 (PS) 4.990 1 0.025 212.614 0.000 
OSTEO-N vs. PCT
-
RN -0.093 (PS) 3.904 1 0.048 15.055 0.000 
SYSTEM-N vs. PCT-RN 0.143 (PS) 8.258 1 0.004 36.097 0.000 
REGION
-
N VS. PCT RN 0.048 (PS) 364.806 15 0.000 4.164 0.041 
MSA SIZE vs. PCT-RN 0.297 (PS) 47.043 11 0.000 164.316 0.000 
PCT RN vs. BEDS 0.174 (PE) 53.841 0.000 
PCT RN vs. SUR SPEC 0.274 (PE) 138.555 0.000 - -
PCT RN vs. MED SPEC 0.226 (PE) 92.583 0.000 
- -PCT RN VS. OTH SPEC 0.268 (PE) 131.591 0.000 
PCT-RN vs. TOT
-
SERV 0.245 (PE) 109.503 0.000 
LIAISON vs. PCT RN 0.053 (PS) 5.545 1 0.019 5.011 0.025 
BD CERT vs. PI VOL 0.167 (PE) 49.410 0.000 
-
-
BD CERT vs. CE VOL 0.146 (PE) 38.047 0.000 
BD 
-





VOL 0.192 (PE) 66.326 0.000 
BD -CERT vs. CH-VOL 0.199 (PE) 71.086 0.000 
BD 
-
CERT VS. CASH FLOW 0.133 (PE) 31.253 0.000 
BD -CERT vs. OP MAR 0.025 (PE) 1.085 0.298 
-BD 
-
CERT VS. ROA 0.023 (PE) 0.888 0.346 -
HOS TYPE vs. BD CERT -0.040 (PS) 59.613 15 0.000 2.763 0.096 
JcAHO N vs. BD-CERT 0.361 (PS) 12.876 0.000 249.168 0.000 
COTH-N vs. BD
-
CERT 0.198 (PS) 0.521 1 0.471 70.211 0.000 
OSTEO
-
N vs. BD CERT -0.329 (PS) 7.866 1 0.005 203.669 0.000 
SYSTEM
-
N VS. BD 
-CERT -0.027 (PS) 0.055 1 0.815 1.317 0.251 
REGION-N VS. BD -CERT -0.022 (PS) 94. 13 6 15 0.000 0.893 0.345 
MSA SIZE VS. BD 
-
CERT -0.003 (PS) 18.198 11 0.077 0.016 0.901 
BD CERT VS. BEDS 0.129 (PE) 29.322 0.000 
BD -CERT vs. SUR SPEC 0.168 (PE) 50.280 0.000 -
CERT vs. MED -SPEC 0.138 (PE) 33.890 0.000 BD 
- -BD CERT vs. OTH SPEC 0.117 (PE) 24.335 0.000 
- vs. TOT 
-
SERV 0.173 (PE) 53.433 0.000 BD CERT 
LIAISON vs. BD 
-
CERT 0.023 (PS) 9.781 1 0.002 0.964 0.326 
BD CERT vs. PCT RN 0.202 (PE) 73.565 0.000 
CR 
-CARE vs. PI VOL 0.351 (PE) 234.187 0.000 -
vs. CE 
-
VOL 0.333 (PE) 209.913 0.000 CR CARE - -CR CARE vs. HR VOL 0.378 (PE) 277.205 0.000 -




-VOL 0.298 (PE) 165.640 0.000 
CR 
-
CARE vs. CASH FLOW 0.382 (PE) 283.010 0.000 
CR 
-CARE vs. OP MAR -0.100 (PE) 17.620 0.000 
-
CARE vs. ROA 0.013 (PE) 0.282 0.595 CR 
HOS 
-TYPE vs. CR CARE -0.229 (PS) 145.106 15 0.000 94.636 0.000 
JCAHO vs. CR 
-
CARE 0.235 (PS) 8.536 1 0.003 100.417 0.000 N -
(table continues) 
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Table B-1 (continued) 
TEST OF MODEL TEST OF ZERO CORR. 
CORRELATION CHI-SQU. D.F. P-VALUE CHI-SQU. P-VALUE 





VS. CR CARE -0.238 (PS) 26.959 1 0.000 103.276 0.000 
SYSTEM-N vs. CR 
-
CARE 0.006 (PS) - 3.275 1 0.070 0.069 0.792 
REGION-N vs. CR -CARE 0.004 (PS) 75.740 15 0.000 0.025 0.874 MSA SIZE VS. CR -CARE 0.167 (PS) 170.543 11 0.000 49.432 0.000 
CR CARE vs. BEDS 0.667 (PE) 1131.947 0.000 -
CR CARE vs. SUR SPEC 0.314 (PE) 184.457 0.000 - -
CR CARE VS. MED SPEC 0.264 (PE) 127.721 0.000 -CR-CARE vs. OTH SPEC 0.358 (PE) 245.165 0.000 
-
CR CARE vs. TOT SERV 0.426 (PE) 361.284 0.000 -LIAISON vs. CR CARE 0.250 (PS) 9.702 1 0.002 114.091 0.000 
CR CARE VS. PCT RN 0.169 (PE) 51.024 0.000 
CR CARE VS. BD CERT 0.179 (PE) 57.462 0.000 -
HT INDX VS. PI VOL 0.354 (PE) 238.918 0.000 - -HT INDX VS. CE VOL 0.385 (PE) 288.360 0.000 -
HT INDX VS. HR
-
VOL 0.400 (PE) 313.338 0.000 
-HT INDX vs. HF
-
VOL 0.142 (PE) 35.529 0.000 -
HT INDX VS. CH
-
VOL 0.275 (PE) 139.216 0.000 -
HT INDX vs. CASHFLOW 0.412 (PE) 335.199 0.000 -
HT INDX VS. OP MAR -0.097 (PE) 16.695 0.000 - -
HT INDX vs. ROA 0.029 (PE) 1. 451 0.228 
HOS TYPE vs. HT INDX -0.211 (PS) 230.843 15 0.000 80.223 0.000 
JcAHO N vs. HT -INDX 0.238 (PS) 9.291 0.002 103.018 0.000 1 -
COTH
-
N VS. HT INDX 0.663 (PS) 250.481 1 0.000 1111.335 0.000 -
OSTEO
-
N vs. HT INDX -0.219 (PS) 29.379 1 0.000 86.516 0.000 
SYSTEM
-
N vs. HT INDX 0.087 (PS) 19.880 1 0.000 13.325 0.000 
REGION-N vs. HT 
-INDX 0.087 (PS) 71.989 15 0.000 14.158 0.000 -
MSA SIZE vs. HT INDX 0.168 (PS) 208.605 11 0.000 50.127 0.000 
HT INDX VS. BEDS 0.675 (PE) 1177.599 0.000 -
HT INDX VS. SUR SPEC 0.319 (PE) 190.546 0.000 - -
HT INDX vs. MED SPEC 0.237 (PE) 102.375 0.000 -
HT INDX vs. OTH 
-
SPEC 0.360 (PE) 248.839 0.000 
HT 
-
INDX vs. TOT -SERV 0.478 (PE) 472.447 0.000 
LIAISON VS. HT 
-
INDX 0.133 (PS) 5.692 1 0.017 31.520 0.000 
HT INDX vs. PCT RN 0.234 (PE) 99.647 0.000 -
HT INDX vs. BD CERT 0.209 (PE) 78.812 0.000 
HT 
-
INDX vs. CR 
-CARE 0.591 (PE) 806.108 0.000 -
ALOS vs. PI VOL 0.249 (PE) 113.230 0.000 
ALOS VS. CE
-VOL 0.082 (PE) 11. 853 0.000 
ALOS vs. HR
-
VOL 0.109 (PE) 20.810 0.000 
ALOS vs. HF
-VOL 0.129 (PE) 29.278 0.000 
ALOS VS. CH
-
VOL 0.109 (PE) 21.059 0.000 
ALOS vs. CASH FLOW 0.057 (PE) 5.754 0.016 
ALOS vs. OP MAR -0.161 (PE) 45.861 0.000 
ALOS vs. 
-ROA -0.006 (PE) 0.069 0.793 
HOS TYPE vs. ALOS -0.033 (PS) 109.194 15 0.000 1.907 0.167 
JCAHO N vs. ALOS 0.021 (PS) 0.826 1 0.363 0.780 0. 3 77 
COTH
-
N VS. ALOS 0.437 (PS) 0.027 1 0.870 383.584 0.000 
OSTEO-N VS. ALOS -0.001 (PS) 1.535 1 0.215 0.001 0.980 
SYSTEM
-
N VS. ALOS -0.008 (PS) 7.029 1 0.008 0.109 0.741 
REGION-N vs. ALOS -0.383 (PS) 183.423 15 0.000 299.565 0.000 
MSA SIZE vs. ALOS 0.278 (PS) 96.645 11 0.000 142.862 0.000 
ALOS vs. BEDS 0.380 (PE) 279.680 0.000 
ALOS vs. SUR SPEC 0.234 (PE) 99.373 0.000 -
(table continues) 
Table B-1 (continued) 
CORRELATION 
ALOS vs. MED SPEC 0.176 (PEl -ALOS VS. OTH SPEC 0.292 (PEl -ALOS VS. TOT SERV 0.247 (PEl 
-LIAISON VS. ALOS 0.242 (PSl 
ALOS VS. PCT RN -0.043 (PEl 
ALOS vs. BD CERT -0.024 (PEl 
ALOS vs. CR CARE 0.183 (PEl -ALOS vs. HT INDX 0.185 (PEl 
RN -PTDAY vs. PI VOL -0.099 (PEl -RN PTDAY VS. CE VOL 0.053 (PEl 
-· 
RN PTDAY VS. HR
-
VOL 0.050 (PEl -RN -PTDAY vs. HF-VOL -0.109 (PEl 
RN PTDAY vs. CH
-
VOL -0.071 (PEl -RN PTDAY VS. CASH FLOW 0.092 (PEl -
RN PTDAY VS. OP MAR 0.044 (PEl - -RN PTDAY vs. ROA -0.024 (PEl 
HOS TYPE vs. RN PTDAY -0.077 (PSl 
JcAHO N VS. RN 
-
PTDAY 0.051 (PSl 
COTH
-
N VS. RN 
-
PTDAY 0.163 (PSl 
OSTEO-N VS. RN 
-
PTDAY -0.078 (PSl 
SYSTEM-N vs. RN 
-
PTDAY 0.042 (PSl -REGION-N VS. RN PTDAY 0.237 (PSl 
-
MSA SIZE VS. RN PTDAY 0.010 (PSl -
RN PTDAY VS. BEDS -0.045 (PEl 
-
RN PTDAY vs. SUR SPEC 0.015 (PEl - -RN PTDAY VS. MED SPEC -0.016 (PEl 
-
RN PTDAY VS. OTH SPEC -0.007 (PEl -
RN PTDAY vs. TOT
-SERV 0. 071 (PEl 
LIAISON vs. RN PTDAY -0.115 (PSl 
RN PTDAY VS. PCT RN 0.550 (PEl -
RN PTDAY vs. BD CERT 0.165 (PEl - -RN PTDAY vs. CR CARE 0.109 (PEl - -
RN PTDAY vs. HT INDX 0.196 (PEl 
-
-
RN PTDAY vs. ALOS -0.401 (PEl 





VOL 0.009 (PEl -
OPEX PD vs. HF
-





VOL -0.203 (PEl -OPEX PD VS. CASH FLOW 0.098 (PEl -
OPEX PD vs. OP MAR -0.090 (PEl 
OPEX 
-PD vs. 
-ROA -0.002 (PEl 
HOS TYPE vs. OPEX PD 0.030 (PSl 
JCAHO N vs. OPEX 
-PD -0.023 (PSl 
COTH
-
N vs. OPEX 
-
PD 0. 371 (PSl 
OSTEO-N vs. 
-
OPEX PD 0.023 (PSl 
SYSTEM
-
N vs. OPEX 
-
PD 0.126 (PSl 
REGION-N vs. OPEX 
-PD 0.328 (PSl 
MSA SIZE vs. OPEX 
-
PD 0.248 (PSl 
OPEX PD vs. BEDS 0.038 (PEl -
OPEX PD vs. SUR SPEC 0.110 (PEl -
OPEX PD vs. MED-SPEC 0.068 (PEl 
OPEX 
-
PD vs. OTH SPEC 0.104 (PEl -
OPEX PD vs. TOT
-SERV 0.104 (PEl -
TEST OF MODEL 
CHI-SQU. D. F. P-VALUE 
0.012 1 0.912 
64.124 15 0.000 
20.079 1 0.000 
0. 913 1 0.339 
3.089 1 0.079 
3.137 1 0.077 
269.194 15 0.000 
27.345 11 0.004 
30.355 1 0.000 
163.826 15 0.000 
0.112 1 0.738 
3.191 1 0.074 
5.980 1 0.014 
6.141 1 0. 013 
439.587 15 0.000 
83.097 11 0.000 
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Table B-1 (continued) 
TEST OF MODEL TEST OF ZERO CORR. 
CORRELATION CHI-SQU. D.F. P-VALUE CHI-SQU. P-VALUE 
LIAISON VS. OPEX PD -0.074 (PS) 22.338 1 0.000 9.513 0.002 
OPEX PD vs. PCT-RN 0.425 (PE) 360.031 0.000 -
OPEX -PD VS. BD CERT 0.105 (PE) 19.323 0.000 OPEX PD VS. CR-CARE 0.131 (PE) 30.343 0.000 -
OPEX PD vs. HT INDX 0.293 (PE) 159.264 0.000 - -OPEX PD VS. ALOS -0.333 (PE) 209.391 0.000 -
OPEX PD VS. RN PTDAY 0. 594 (PE) 816.213 0.000 
NURS BED vs. PI VOL 0.171 (PE) 52.176 0.000 -
NURS BED vs. CE
-
VOL 0.185 (PE) 60.973 0.000 -NURS BED VS. HR-VOL 0.208 (PE) 78. 111 0.000 -
NURS BED vs. HF
-
VOL 0.105 (PE) 19.482 0.000 -NURS BED VS. CH-VOL 0.192 (PE) 66.110 0.000 -
NURS BED VS. CASH FLOW 0.170 (PE) 51.464 0.000 -NURS BED vs. OP MAR 0.019 (PE) 0.611 0.435 -
NURS BED vs. ROA -0.019 (PE) 0.613 0.434 
HOS TYPE VS. NURS BED -0.245 (PS) 81.441 15 0.000 109.169 0.000 -
JcAHO N VS. NURS BED 0.133 (PS) 2.585 1 0.108 31.132 0.000 -
COTH-N vs. NURS BED 0.392 (PS) 0.283 1 0.595 299.585 0.000 -
OSTEO
-
N VS. NURS BED -0.174 (PS) 1.628 1 0.202 53.899 0.000 -
SYSTEM-N vs. NURS BED -0.146 (PS) 0.020 1 0.889 37.593 0.000 -
REGION
-
N VS. NURS BED 0.003 (PS) 90.455 15 0.000 0.015 0.903 -MSA SIZE VS. NURS BED 0.029 (PS) 24.868 11 0.010 1.465 0.226 
NURS BED vs. BEDS 0.174 (PE) 53.742 0.000 -NURS BED vs. SUR SPEC 0.122 (PE) 26.333 0.000 - -
NURS BED vs. MED SPEC 0.081 (PE) 11. 518 0.000 - -NURS BED vs. OTH SPEC 0.087 (PE) 13.213 0.000 - -
NURS BED VS. TOT SERV 0.170 (PE) 51.795 0.000 
LIAISON VS. NURS BED 0.107 (PS) 2.781 1 0.095 20.015 0.000 
NURS BED VS. PCT RN -0.005 (PE) 0.042 0.838 -
NURS BED VS. BD CERT 0.165 (PE) 48.198 0.000 
NURS 
-
BED VS. CR 
-
CARE 0.290 (PE) 155.536 0.000 
NURS -BED VS. HT 





ALOS -0.033 (PE) 1.931 0.165 -NURS BED VS. RN PTDAY 0.524 (PE) 592.528 0.000 -
BED vs. OPEX PD 0.175 (PE) 54.838 0.000 NURS 
CMINDEX vs. PI VOL 0.403 (PE) 319.671 0.000 
CMINDEX vs. CE
-
VOL 0.427 (PE) 363.882 0.000 
CMINDEX vs. HR
-VOL 0.418 (PE) 347.092 0.000 
CMINDEX vs. HF
-
VOL 0.160 (PE) 45.252 0.000 
CMINDEX vs. CH
-VOL 0.261 (PE) 124.297 0.000 
CMINDEX vs. CASH FLOW 0.308 (PEl 177.707 0.000 
CMINDEX vs. OP MAR -0.048 (PEl 4.067 0.044 
CMINDEX vs. 
-ROA 0.034 (PE) 2.027 0.155 
HOS TYPE vs. CMINDEX -0.057 (PS) 114.596 15 0.000 5.652 0.017 
JCAHO N vs. CMINDEX 0.149 (PS) 6.321 1 0.012 39.186 0.000 
COTH
-N vs. CMINDEX 0.561 (PS) 35.478 1 0.000 704.181 0.000 
OSTEO
-
N vs. CMINDEX -0.203 (PS) 25.872 1 0.000 74.278 0.000 
SYSTEM-N vs. CMINDEX 0.164 (PS) 0.113 1 0.737 47.622 0.000 
REGION-N vs. CMINDEX 0.153 (PS) 49.881 15 0.000 43.779 0.000 
MSA SIZE vs. CMINDEX 0.187 (PS) 149.383 11 0.000 62.674 0.000 
CMINDEX vs. BEDS 0.497 (PE) 520.775 0.000 
CMINDEX vs. SUR SPEC 0.328 (PE) 202.350 0.000 
CMINDEX vs. MED SPEC 0.245 (PEl 109.181 0.000 
CMINDEX vs. OTH 
-SPEC 0.319 (PE) 190.940 0.000 -
(table continues) 
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Table B-1 (continued) 
TEST OF MODEL TEST OF ZERO CORR. 
CORRELATION CHI-SQU. D.F. P-VALUE CHI-SQU. P-VALUE 
CMINDEX VS. TOT SERV 0.340 (PEl 218.492 0.000 
LIAISON vs. CMINDEX 0.114 (PSl 0.165 1 0.685 22.946 0.000 
CMINDEX vs. PCT RN 0.276 (PEl 139.857 0.000 
CMINDEX vs. BD CERT 0.205 (PEl 75.766 0.000 
CMINDEX VS. CR CARE 0.473 (PEl 461.814 0.000 
-CMINDEX vs. HT INDX 0.660 (PEl 1098.477 0.000 -CMINDEX VS. ALOS 0.186 (PEl 62.065 0.000 
CMINDEX vs. RN PTDAY 0.233 (PEl 98.183 0.000 
CMINDEX VS. OPEX PD 0.371 (PEl 265.356 0.000 
CMINDEX VS. NURS BED 0.251 (PEl 114.531 0.000 -ICU DAYS VS. PI VOL 0.189 (PEl 63.634 0.000 -ICU DAYS vs. CE-VOL 0.221 (PEl 88.671 0.000 
-ICU DAYS vs. HR-VOL 0.179 (PEl 57.010 0.000 -ICU DAYS vs. HF-VOL 0.086 (PEl 13.116 0.000 
ICU-DAYS vs. CH-VOL 0.124 (PEl 26.999 0.000 
ICU DAYS vs. CASH FLOW 0. 213 (PEl 81.997 0.000 -ICU DAYS VS. OP MAR 0.005 (PEl 0.039 0.843 
-ICU DAYS vs. ROA 0.016 (PEl 0.462 0.497 
-HOS TYPE vs. ICU DAYS -0.182 (PSl 44.708 15 0.000 59.421 0.000 
JcAHO N vs. ICU-DAYS 0.129 (PSl 8.438 1 0.004 29.223 0.000 
COTH-N VS. ICU-DAYS 0.289 (PSl 8.496 1 0.004 155.205 0.000 
OSTEO-N vs. ICU-DAYS -0.076 (PSl 6.225 1 0.013 10.181 0.000 
SYSTEM-N vs. ICU-DAYS 0.036 (PSl 13.349 1 0.000 2.230 0.135 
REGION-N VS. ICU-DAYS 0.143 (PSl 190.600 15 0.000 38.320 0.000 
MSA SIZE vs. ICU-DAYS 0.060 (PSl 118.506 11 0.000 6.320 0.012 
ICU-DAYS vs. BEDS 0.232 (PEl 98.033 0.000 
ICU-DAYS VS. SUR SPEC 0.174 (PEl 53.798 0.000 
-ICU-DAYS vs. MED SPEC 0. 133 (PEl 31.071 0.000 
ICU-DAYS vs. OTH -SPEC 0.163 (PEl 47.037 0.000 
ICU-DAYS vs. TOT -SERV 0.210 (PEl 79.122 0.000 
LIAISON vs. ICU-DAYS 0.079 (PSl 3.974 1 0.046 11.082 0.000 
ICU DAYS VS. PCT RN 0.154 (PEl 42.363 0.000 
ICU-DAYS vs. BD CERT 0.113 (PEl 22.359 0.000 
ICU-DAYS vs. CR 
-CARE 0.519 (PEl 578.408 0.000 
ICU-DAYS vs. HT -INDX 0.342 (PEl 222.474 0.000 
ICU-DAYS vs. -ALOS -0.051 (PEl 4.490 0.034 
ICU-DAYS vs. RN PTDAY 0.233 (PEl 98.099 0.000 
ICU-DAYS VS. OPEX PD 0.240 (PEl 104.977 0.000 
ICU-DAYS VS. NURS BED 0.236 (PEl 100.791 0.000 
ICU-DAYS vs. CMINDEX 0.368 (PEl 261.068 0.000 
PI DEV15 vs. PI VOL 0.020 (PEl 0.693 0.405 
PI -DEV15 vs. CE-VOL 0.039 (PEl 2.602 0.107 -PI DEV15 vs. HR VOL 0.005 (PEl 0.041 0.839 
PI -DEV15 vs. HF-VOL 0.002 (PEl 0.006 0.937 
PI -DEV15 vs. CH-VOL 0.033 (PEl 1.908 0.167 
PI -DEV15 vs. CASH FLOW -0.013 (PEl 0.292 0.589 
-PI DEV15 vs. OP MAR 0.029 (PEl 1.478 0.224 
PI -DEV15 vs. -ROA 0.003 (PEl 0.014 0.905 
HOS TYPE vs. PI DEV15 0.007 (PSl 138.557 11 0.000 0.098 0.754 
JCAHO N vs. PI -DEV15 -0.079 (PSl 34.671 1 0.000 10.939 0.000 
COTH-N vs. PI -DEV15 -0. 033 (PSl 25.556 1 0.000 1.889 0.169 
OSTEO-N vs. PI -DEV15 0. 125 (PSl 84.880 1 0.000 27.599 0.000 
SYSTEM-N vs. PI -DEV15 0 .029 (PSl 6.947 1 0.008 1.434 0.231 




Table B-1 (continued) 
TEST OF MODEL TEST OF ZERO CORR. 
CORRELATION CHI-SQU. D.F. P-VALUE CHI-SQU. P-VALUE 
MSA SIZE vs. PI DEV15 -0.064 (PSl 170.604 11 0.000 7.072 0.008 -PI DEV15 vs. BEDS -0.019 (PEl 0.648 0.421 -
PI DEV15 vs. SUR SPEC 0.014 (PEl 0. 359 0.549 - -PI DEV15 vs. MED SPEC -0.026 (PEl 1.214 0.270 
- -PI DEV15 vs. OTH SPEC -0.041 (PEl 2.957 0.085 
-PI DEV15 vs. TOT-SERV -0.021 (PEl 0.792 0.373 
LIAISON VS. PI DEV15 -0.024 (PS) 51. 872 1 0.000 0.992 0.319 
PI DEV15 vs. PCT RN -0.006 (PE) 0.065 0.799 
-
PI DEV15 VS. BD CERT 0.012 (PE) 0.237 0.626 - -PI DEV15 vs. CR CARE 0.006 (PE) 0.061 0.806 - -
PI DEV15 vs. HT INDX -0.005 (PE) 0.043 0.836 -PI DEV15 VS. -ALOS -0.026 (PEl 1.215 0.270 
-PI DEV15 VS. RN PTDAY -0.010 (PE) 0.163 0.686 
-PI DEV15 VS. OPEX PD -0.041 (PE) 2.928 0.087 
-
PI DEV15 vs. NURS BED -0.019 (PE) 0.638 0.424 -PI DEV15 VS. CMINDEX -0.022 (PEl 0.842 0.359 
PI DEV15 vs. ICU DAYS 0.006 (PEl 0.071 0.790 -CE DEV15 vs. PI VOL 0.014 (PEl 0.333 0.564 - -
CE DEV15 vs. CE VOL 0.032 (PEl 1.819 0.177 -CE DEV15 vs. HR-VOL 0.016 (PEl 0.443 0.506 
-
CE DEV15 vs. HF
-VOL 0.039 (PEl 2. 724 0.099 
-CE DEV15 vs. CH-VOL 0.022 (PEl 0.822 0. 365 
CE 
-
DEV15 vs. CASH FLOW -0.004 (PEl 0.026 0.871 -CE DEV15 VS. OP MAR 0.025 (PE) 1.089 0.297 - -
CE DEV15 VS. ROA -0.009 (PE) 0.146 0.703 
HOS TYPE vs. CE DEV15 0.012 (PS) 156.131 13 0.000 0.250 0.617 
-
JcAHO N vs. CE DEV15 0.069 (PS) 29.470 1 0.000 8.347 0.004 -
COTH-N VS. CE DEVlS -0.038 (PS) 46.882 1 0.000 2.509 0.113 
OSTEO-N vs. CE 
-
DEV15 0.034 (PSl 7.959 1 0.005 2.007 0.157 
SYSTEM-N vs. CE 
-DEV15 0.022 (PSl 0.045 1 0.832 0.821 0.365 
REGION
-
N vs. CE 
-DEV15 0.017 (PS) 121.605 15 0.000 0.557 0.456 
MSA SIZE vs. CE 
-DEV15 -0.046 (PSl 147.873 11 0.000 3.660 0.056 
CE DEV15 vs. BEDS -0.015 (PE) 0.404 0.525 
CE -DEV15 VS. SUR SPEC -0.008 (PE) 0.122 0.726 
-
-
CE DEV15 vs. MED SPEC -0.023 (PE) 0.893 0. 345 
CE -DEV15 vs. OTH 
-SPEC -0.015 (PEl 0.381 0.537 - -
CE DEV15 vs. TOT SERV -0.012 (PEl 0.262 0.609 
LIAISON vs. CE DEV15 -0.017 (PSl 45.749 1 0.000 0.477 0.490 
CE DEV15 vs. PCT RN -0.003 (PEl 0.015 0.901 -CE DEV15 vs. BD CERT -0.022 (PEl 0.834 0.361 
CE 
-
DEV15 vs. CR 
-CARE -0.005 (PE) 0.043 0. 835 
CE -DEV15 vs. HT 




-ALOS -0.031 (PE) 1.726 0.189 -CE DEV15 vs. RN PTDAY 0.007 (PE) 0.096 0.757 
CE -DEV15 vs. OPEX PD -0.024 (PE) 1.019 0. 313 
-CE DEV15 vs. NURS BED -0.017 (PE) 0.519 0. 471 
CE 
-DEV15 vs. CMINDEX -0.014 (PE) 0.333 0.564 
CE -DEV15 vs. ICU DAYS 0.003 (PE) 0.015 0.903 
CE 
-
DEV15 vs. PI DEV15 0.039 (PE) 2.662 0.103 
HR-DEV15 vs. PI VOL -0.009 (PE) 0.153 0.695 
HR DEV15 vs. CE
-VOL 0.008 (PE) 0.112 0.738 
HR-DEV15 vs. HR
-VOL 0.015 (PE) 0.371 0.543 
HR-DEV15 vs. HF-VOL -0.020 (PE) 0.682 0.409 
HR DEV15 vs. CH
-VOL -0.031 (PEl 1.735 0.188 -
(table continues) 
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Table B-1 (continued) 
TEST OF MODEL TEST OF ZERO CORR. 
CORRELATION CHI-SQU. D.F. P-VALUE CHI-SQU. P-VALUE 
HR DEV15 vs. CASHFLOW - -0.033 (PE) 1.852 0.174 HR -DEV15 VS. OP MAR -0.027 (PE) 1. 272 0.259 -HR DEV15 vs. ROA 0.026 (PE) 1.144 0.285 
HOS TYPE VS. HR_DEV15 0.026 (PS) 386.379 15 0.000 1.179 0.278 
JcAHO N VS. HR DEV15 0.023 (PS) 1.860 1 0.173 0.894 0.344 
COTH N VS. HR:::DEV15 -0.005 (PS) 75.278 1 0.000 0.040 0.841 
OSTEO-N vs. HR DEV15 0.030 (PS) 0. 071 1 0.790 1.561 0.212 
-SYSTEM N vs. HR DEV15 0.028 (PS) 9.730 1 0.002 1.337 0.248 
REGION-N vs. HR 
-
DEV15 0.045 (PS) 189.883 15 0.000 3.687 0.055 
MSA SIZE vs. HR -DEV15 0.025 (PS) 135.476 11 0.000 1.077 0.299 
HR DEV15 VS. - BEDS -0.009 (PE) 0.143 0.706 -HR DEV15 VS. SUR SPEC 0.059 (PE) 6.051 0.014 -
HR DEV15 vs. MED
-
SPEC 0.026 (PE) 1.199 0.273 -HR DEV15 vs. OTH SPEC 0. 011 (PE) 0.211 0.646 -
HR DEV15 VS. TOT
-
SERV 0.038 (PE) 2.524 0.112 
LIAISON VS. HR DEV15 -0.046 (PS) 123.075 1 0.000 3.698 0.054 
HR DEV15 VS. PCT RN 0.062 (PE) 6.841 0.009 
-
HR DEV15 VS. BD CERT -0.002 (PE) 0.005 0.942 -
HR DEV15 vs. CR CARE 0.003 (PE) 0.012 0.912 - -HR DEV15 VS. HT INDX 0.026 (PE) 1.221 0.269 - -
HR DEV15 vs. ALOS -0.059 (PE) 6.155 0.013 -
HR DEV15 VS. RN PTDAY 0.068 (PE) 8.047 0.005 -
HR DEV15 vs. OPEX PO 0.072 (PE) 9.055 0.003 -HR DEV15 vs. NURS BED 0.000 (PE) 0.000 0.988 
HR DEV15 vs. CMINDEX 0.019 (PE) 0.600 0.438 
-HR DEV15 vs. ICU DAYS 0.021 (PE) 0.735 0.391 -
HR DEV15 vs. PI DEV15 -0.011 (PE) 0.223 0.636 - -HR DEV15 vs. CE DEV15 -0.037 (PE) 2.362 0.124 
HF 
-





VOL -0.063 (PE) 7.031 0.008 
HF -DEV15 vs. HF





VOL -0.062 (PE) 6.709 0.010 
HF -DEV15 vs. CASH FLOW 0.011 (PE) 0.217 0.641 -
DEV15 vs. OP MAR 0.004 (PE) 0.028 0.866 HF 
HF -DEV15 vs. 
-ROA 0.007 (PE) 0.089 0.765 
HOS TYPE vs. HF DEV15 -0.019 (PS) 66.632 15 0.000 0.602 0.438 
JCAHO N vs. HF
-DEV15 -0.086 (PS) 15.332 1 0.000 12.892 0.000 
COTH N vs. HF
-
DEV15 0.032 (PS) 133.416 1 0.000 1.752 0.186 
OSTEO-N VS. HF
-DEV15 0.077 (PS) 6.383 1 0.012 10.498 0.000 
SYSTEM
-
N vs. HF DEV15 -0.057 (PS) 67.728 1 0.000 5.662 0.017 
REGION
-
N VS. HF 
-DEV15 0. 041 (PS) 162.947 15 0.000 3.033 0.082 
MSA SIZE vs. HF
-DEV15 -0.014 (PS) 193.299 11 0.000 0.339 0.560 
HF DEV15 vs. BEDS -0.010 (PE) 0.185 0.667 -
HF DEV15 vs. SUR SPEC -0.026 (PE) 1.192 0.275 
HF -DEV15 vs. MED
-SPEC -0.029 (PE) 1.426 0.232 -
HF DEV15 vs. OTH SPEC -0. 023 (PE) 0.895 0.344 
HF-DEV15 vs. TOT
-
SERV -0.008 (PEl 0.118 0.731 
LIAISON VS. HF DEV15 -0.034 (PSl 86.632 1 0.000 2.038 0.153 
HF DEV15 vs. PCT RN -0.005 (PEl 0. 04 7 0.828 -
HF DEV15 vs. BD CERT -0.034 (PE) 1.997 0.158 
HF -DEV15 vs. CR
-CARE 0.027 (PE) 1.255 0.263 
HF 
-DEV15 vs. HT INDX 0.014 (PEl 0.330 0.566 - -
HF DEV15 vs. ALOS -0.044 (PEl 3.345 0.067 -
(table continues) 
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Table B-1 (continued) 
TEST OF MODEL TEST OF ZERO CORR. 
CORRELATION CHI-SQU. D.F. P-VALUE CHI-SQU. P-VALUE 
HF -DEV15 vs. RN PTDAY 0.046 (PE) 3.768 0.052 
HF DEV15 VS. OPEX PD 0.022 (PE) 0.856 0. 355 
HF-DEV15 VS. NURS BED 0.008 (PE) 0.110 0.740 
HF DEV15 vs. CMINDEX 0. 013 (PE) 0.278 0.598 -
HF DEV15 vs. ICU DAYS 0.017 (PE) 0.533 0.465 -
HF DEV15 vs. PI DEV15 0.046 (PE) 3.688 0.055 
HF
-
DEV15 vs. CE 
-
DEV15 (PE) -0.014 0.332 0.564 -
HF DEV15 VS. HR DEV15 0.094 (PE) 15.535 0.000 -
CH DEV15 VS. PI VOL -0.068 (PE) 8.177 0.004 - -CH DEV15 VS. CE VOL -0.020 (PE) 0.695 0.404 - -
CH DEV15 VS. HR VOL -0.036 (PE) 2.225 0.136 -
CH DEV15 VS. HF-VOL -0.015 (PE) 0.371 0.542 -
CH DEV15 VS. CH-VOL -0.040 (PE) 2.844 0.092 -
CH DEV15 vs. CASH FLOW -0.017 (PE) 0.514 0.474 -CH DEV15 VS. OP MAR 0.017 (PE) 0.494 0.482 -
CH DEV15 vs. ROA 0.007 (PE) 0.093 0.761 
HOS TYPE vs. CH DEV15 -0.036 (PS) 88.847 15 0.000 2.242 0.134 -
JcAHO N VS. CH DEV15 -0.041 (PS) 0.017 1 0.897 3.005 0.083 -
COTH
-
N vs. CH DEV15 -0.049 (PS) 0.144 1 0.705 4.271 0.039 -
OS TEO N vs. CH DEV15 -0.030 (PS) 0.002 1 0.961 1.607 0.205 - -
SYSTEM N vs. CH DEV15 0.014 (PS) 7.057 1 0.008 0.328 0.567 -
REGION-N VS. CH DEV15 0.049 (PS) 101.081 15 0.000 4.494 0.034 
MSA SIZE vs. CH 
-
DEV15 -0.025 (PS) 53.073 11 0.000 1.098 0.295 
CH DEV15 vs. 
-
BEDS -0.052 (PE) 4.734 0.030 -
CH DEV15 vs. SUR SPEC -0.029 (PE) 1.451 0.228 
CH 
-
DEV15 vs. MED 
-
SPEC -0.047 (PE) 3.797 0.051 
CH -DEV15 vs. OTH 
-




SERV -0.017 (PE) 0.518 0.471 
LIAISON vs. CH DEV15 0.025 (PS) 1. 4 89 0.222 1.086 0.297 
CH DEV15 vs. PCT RN -0.023 (PEl 0.892 0.345 
CH 
-
DEV15 VS. BD CERT -0.034 (PE) 2.076 0.150 
CH 
-
DEV15 vs. CR CARE -0.059 (PE) 6.130 0.013 
CH 
-
DEV15 vs. HT 
-





ALOS -0.078 ( PE) 10.577 0.000 
CH 
-
DEV15 VS. RN PTDAY 0.035 (PE) 2.113 0.146 
CH 
-
DEV15 vs. OPEX PD 0.004 (PE) 0.035 0.852 
CH 
-
DEV15 VS. NURS BED 0.007 (PE) 0.078 0.780 
CH -DEV15 VS. CMINDEX -0. 013 (PE) 0.294 0.587 
CH 
-
DEV15 vs. ICU DAYS -0.037 (PE) 2.427 0.119 
CH 
-DEV15 vs. PI DEV15 -0. 031 (PE) 1.643 0.200 
CH 
-
DEV15 vs. CE 
-
DEV15 0 .002 (PE) 0.006 0.939 
CH -DEV15 vs. HR 
-
DEV15 0 .040 (PE) 2.750 0.097 
CH 
-
DEV15 vs. HF-DEV15 0 .031 ( PE) 1.688 0.194 
APPENDIX C 
Table C-1 
Structural Equation Model with Control Variables 
Control Model A for Cholecystectomy Procedure 
LISREL Estimates (Maximum Likelihood) 
Completely Standardized Solution 
LAMBDA Y 
STRUCTURE PROCESS OUTCOME 
BEDS 0.977•• 0.000 0.000 
SUR SPEC 0.473** 0.000 0.000 
TOT-SERV 0.652** 0.000 0.000 
CR CARE 0.524** 0.000 0.000 
-HT INDX 0.648** 0.000 0.000 
RN PTDAY 0.000 0.813** 0.000 
OPEX PD 0.000 0.706** 0.000 
NURS BED 0.000 0.144** 0.000 
CMINDEX 0.688** 0.129** 0.000 
ICU DAYS 0.000 0.255** 0.000 
CH DEV15 0.000 0.000 1.000** 
-
LAMBDA X 
ALOS VOLUME RESOURCE 
ALOS 1.000** 0.000 0.000 
PI VOL 0.000 0.828** 0.000 
CE-VOL 0.000 0.739** 0.000 
HR-VOL 0.000 0.792** 0.000 
HF-VOL 0.000 0.583** 0.000 
CH-VOL 0.000 0.802** 0.000 
CASH FLOW 0.000 0.000 1.000** 
HOS TYPE 0.000 0.000 0.000 
JcAHO N 0.000 0.000 0.000 
OSTEO-N 0.000 0.000 0.000 
SYSTEM N 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 
LAMBDA X 
SYSTEM REGION MSASIZE 
ALOS 0.000 0.000 0.000 
PI VOL 0.000 0.000 0.000 
-
CE VOL 0.000 0.000 0.000 
HR-VOL 0.000 0.000 0.000 
HF-VOL 0.000 0.000 0.000 
CH-VOL 0.000 0.000 0.000 
CASH FLOW 0.000 0.000 0.000 
HOS TYPE 0.000 0.000 0.000 
JCAHO N 0.000 0.000 0.000 
OSTEO-N 0.000 0.000 0.000 
SYSTEM-N 1.000** 0.000 0.000 
REGION-N 0.000 1.000** 0.000 
MSA SIZE 0.000 0.000 1.000** 
BETA 
STRUCTURE PROCESS OUTCOME 
STRUCTURE 0.000 0.000 0.000 
PROCESS 0.674** 0.000 0.000 















significant at ex 0.001 level of significance 






































































































































































































































































































































































































SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR_SPEC TOT SERV CR CARE 
0.955 0.223 0.425 0.275 












































Table C-1 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL 
1.000 0.686 0.546 0.628 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
CASH FLOW HOS_TYPE 
1.000 
JCAHO N OSTEO N 
1.000 1.000 1.000 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
MSA SIZE 
1.000 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0.497 0.458 0.024 
HF VOL CH VOL 
0.340 0.643 
SYSTEM N REGION N 
1.000 1.000 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.725 
CHI-SQUARE WITH 202 DEGREES OF FREEDOM ; 3 213.37 (P 
GOODNESS OF FIT INDEX ;0.875 
ADJUSTED GOODNESS OF FIT INDEX ;0.814 




Structural Equation Model with Control Variables 
Control Model B for Cholecystectomy Procedure 
LISREL Estimates (Maximum Likelihood) 
Completely Standardized Solution 
LAMBDA Y 
STRUCTURE PROCESS OUTCOME 
BEDS 0.964** 0.000 0.000 
SUR SPEC 0.473** 0.000 0.000 
TOT-SERV 0.652** 0.000 0.000 
CR CARE 0.526** 0.000 0.000 
-HT INDX 0.656** 0.000 0.000 
RN PTDAY 0.000 0.820** 0.000 
OPEX PD 0.000 0.701** 0.000 
NURS BED 0.000 0.151** 0.000 
CMINDEX 0.693** 0.129** 0.000 
ICU DAYS 0.000 0.255** 0.000 
CH DEV15 0.000 0.000 1.000** 
-
LAMBDA X 
ALOS VOLUME RESOURCE HOSTYPE 
ALOS 1.000** 0.000 0.000 0.000 
PI VOL 0.000 0.866** 0.000 0.000 
-CE VOL 0.000 0.756** 0.000 0.000 
HR-VOL 0.000 0.835** 0.000 0.000 
HF-VOL 0.000 0.575** 0.000 0.000 
CH-VOL 0.000 0.782** 0.000 0.000 
CASH FLOW 0.000 0.000 1.000** 0.000 
HOS TYPE 0.000 0.000 0.000 1.000** 
COTH N 0.000 0.000 0.000 0.000 
SYSTEM-N 0.000 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 0.000 
LAMBDA X 
REGION MSASIZE 
ALOS 0.000 0.000 
PI VOL 0.000 0.000 
-CE VOL 0.000 0.000 
HR-VOL 0.000 0.000 
HF-VOL 0.000 0.000 
CH-VOL 0.000 0.000 
CASH FLOW 0.000 0.000 
HOS TYPE 0.000 0.000 
COTH N 0.000 0.000 
SYSTEM-N 0.000 0.000 
REGION-N 1.000** 0.000 
MSA SIZE 0.000 1.000** 
BETA 
STRUCTURE PROCESS OUTCOME 
STRUCTURE 0.000 0.000 0.000 
PROCESS 0.672** 0.000 0.000 
OUTCOME 0.000 0.028 0.000 
•• significant at Ci 0.001 level of significance 































































































































































































































































Table C-2 (continued) 
THETA DELTA 
CASH FLOW HOS TYPE COTH N SYSTEM N REGION N MSA SIZE 
CASHFLOW 0.000 
HOS TYPE 0.000 0.000 
COTH N 0.000 0.000 0.000 
SYSTEM-N 0.000 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 0.000 0.000 0.000 
CORRELATION MATRIX OF ETA AND KSI 
STRUCTURE PROCESS OUTCOME ALOS VOLUME RESOURCE 
STRUCTURE 1.000 
PROCESS 0.181 1.000 
OUTCOME -0.031 0.042 1.000 
ALOS 0.333 -0.455 -0.041 1.000 
VOLUME 0.628 -0.035 -0.045 0.040 1.000 
RESOURCE 0.368 0.089 -0.013 0.000 0.367 1.000 
HOSTYPE 0.000 0.000 -0.038 0.000 0.000 0.000 
COTH 0.125 -0.182 -0.045 0.402 0.000 0.000 
SYSTEM 0.000 0.000 0.016 0.000 0.000 0.000 
REGION -0.108 0.157 0.036 -0.347 0.000 0.000 
MSASIZE 0.070 -0.103 -0.020 0.227 0.000 0.000 
CORRELATION MATRIX OF ETA AND KSI 
HOSTYPE COTH SYSTEM REGION MSASIZE 
HOSTYPE 1.000 
COTH -0.297 1.000 
SYSTEM 0.000 0.000 1.000 
REGION 0.000 -0.241 0.000 1.000 
MSASIZE 0.000 0.383 0.000 0.000 1.000 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR SPEC TOT SERV CR CARE HT INDX RN PTDAY 
-
0.930 0.224 0.425 0.277 0.430 0.673 
SQUARED MULTIPLE CORRELATIONS FOR y - VARIABLES 
OPEX PD NURS BED CMINDEX ICU DAYS CH DEV15 -
0.491 0.023 0.530 0.065 1.000 
(table continues) 
Table C-2 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL 
1.000 0.750 0. 571 0.698 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
CASHFLOW HOS TYPE COTH N SYSTEM N 
1.000 1.000 1.000 1.000 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS 











TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.718 
CHI-SQUARE WITH 182 DEGREES OF FREEDOM = 8798.77 (P 
GOODNESS OF FIT INDEX =0.819 
ADJUSTED GOODNESS OF FIT INDEX =0.725 




Structural Equation Model with Control Variables 
Control Model A for Hip Replacement Procedure 
LISREL Estimates (Maximum Likelihood) 
Completely Standardized Solution 
LAMBDA Y 
STRUCTURE PROCESS OUTCOME 
BEDS 0.976** 0.000 0.000 
SUR SPEC 0.473** 0.000 0.000 
TOT-SERV 0.652** 0.000 0.000 
CR CARE 0.525** 0.000 0.000 
-HT INDX 0.649** 0.000 0.000 
RN PTDAY 0.000 0.813** 0.000 
OPEX PD 0.000 0.705** 0.000 
NURS BED 0.000 0.144** 0.000 
CMINDEX 0.688** 0.129** 0.000 
ICU DAYS 0.000 0.254** 0.000 
HR DEV15 0.000 0.000 1. 000** 
-
LAMBDA X 
ALOS VOLUME RESOURCE 
ALOS 1.000** 0.000 0.000 
PI VOL 0.000 0.828** 0.000 
CE-VOL 0.000 0.739** 0.000 
HR-VOL 0.000 0.793** 0.000 
HF-VOL 0.000 0.584** 0.000 
CH-VOL 0.000 0.802** 0.000 
CASH FLOW 0.000 0.000 1.000** 
HOS TYPE 0.000 0.000 0.000 
JcAHO N 0.000 0.000 0.000 
OSTEO-N 0.000 0.000 0.000 
SYSTEM-N 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 
LAMBDA X 
SYSTEM REGION MSASIZE 
ALOS 0.000 0.000 0.000 
PI VOL 0.000 0.000 0.000 
CE-VOL 0.000 0.000 0.000 
HR-VOL 0.000 0.000 0.000 
HF-VOL 0.000 0.000 0.000 
CH-VOL 0.000 0.000 0.000 
CASH FLOW 0.000 0.000 0.000 
HOS TYPE 0.000 0.000 0.000 
JcAHO N 0.000 0.000 0.000 
OSTEO-N 0.000 0.000 0.000 
SYSTEM-N 1. 000** 0.000 0.000 
REGION-N 0.000 1.000** 0.000 
MSA SIZE 0.000 0.000 1.000** 
BETA 
STRUCTURE PROCESS OUTCOME 
STRUCTURE 0.000 0.000 0.000 
PROCESS 0.673** 0.000 0.000 
OUTCOME 0.000 0.062* 0.000 






























significant at 01 significance 
significant at 01 0.05 level of significance (table continues) 












































































































































































































































Table C-3 (continued) 
THETA DELTA 
CASH FLOW HOS TYPE JCAHO N OSTEO N SYSTEM N REGION N 
CASH FLOW 0.000 
HOS TYPE 0.000 0.000 
JcAHO N 0.000 0.000 0.000 
OSTEO-N 0.000 0.000 0.000 0.000 
SYSTEM-N 0.000 0.000 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 0.000 0.000 0.000 
THETA DELTA 
MSA_SIZE 
MSA SIZE 0.000 
CORRELATION MATRIX OF ETA AND KSI 
STRUCTURE PROCESS OUTCOME ALOS VOLUME RESOURCE 
STRUCTURE 1.000 
PROCESS 0.171 1.000 
OUTCOME 0. 013 0.067 1.000 
ALOS 0.346 -0.465 -0.039 1.000 
VOLUME 0.626 -0.081 0.001 0.095 1.000 
RESOURCE 0.338 0.089 0.014 0.000 0.314 1.000 
HOSTYPE 0.000 0.000 0.018 0.000 0.000 0.000 
JCAHO 0.102 -0.014 0.020 0.000 0.187 0.000 
OS TEO -0.157 0.021 0.033 0.000 -0.289 0.000 
SYSTEM 0.097 -0.013 0.027 0.000 0.178 0.000 
REGION -0.101 0.158 0.052 -0.345 0.000 0.000 
MSASIZE 0.061 -0.095 0.001 0.207 0.000 0.000 
CORRELATION MATRIX OF ETA AND KSI 
HOSTYPE JCAHO OS TEO SYSTEM REGION MSASIZE 
HOSTYPE 1.000 
JCAHO 0.000 1.000 
OS TEO 0.000 -0.850 1.000 
SYSTEM 0.226 0.000 0.000 1.000 
REGION 0.000 0.000 0.000 0.256 1.000 
MSASIZE 0.000 0.000 0.000 0.000 0.000 1.000 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR SPEC TOT SERV CR CARE HT INDX RN PTDAY 
0.952 0.224 0.425 0.275 0.421 0.661 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
OPEX PD NURS BED CMINDEX ICU DAYS HR DEV15 
0.498 0.021 0.520 0.065 1.000 
(table continues) 
Table C-3 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI_VOL 
0.685 
CE VOL HR VOL 
1.000 0.546 0.629 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
CASH FLOW HOS TYPE JCAHO N OSTEO N 
1.000 1.000 1.000 1.000 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
MSA SIZE 
1.000 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0.499 0.456 0.017 
HF VOL CH VOL 
0.341 0.643 
SYSTEM N REGION N 
1.000 1.000 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.723 
CHI-SQUARE WITH 202 DEGREES OF FREEDOM - 3196.59 (P - .000) 
GOODNESS OF FIT INDEX ;0.875 
ADJUSTED GOODNESS OF FIT INDEX ;0.815 
ROOT MEAN SQUARE RESIDUAL ;0.097 
270 
Table C-4 
Structural Equation Model with Control Variables 
Control Model B for Hip Replacement Procedure 
LISREL Estimates (Maximum Likelihood) 
Completely Standardized Solution 
LAMBDA Y 
STRUCTURE PROCESS OUTCOME 
BEDS 0.964** 0.000 0.000 
SUR 
-
SPEC 0.473** 0.000 0.000 
TOT 
-
SERV 0.652** 0.000 0.000 
CR 
-
CARE 0.526** 0.000 0.000 
HT INDX 0.656** 0.000 0.000 
RN PTDAY 0.000 0.820** 0.000 
OPEX PD 0.000 0.701** 0.000 
NURS BED 0.000 0.150** 0.000 
CMINDEX 0.693** 0.129** 0.000 
ICU DAYS 0.000 0.254** 0.000 
HR DEV15 0.000 0.000 1. 000*. 
LAMBDA X 
ALOS VOLUME RESOURCE 
ALOS 1.000** 0.000 0.000 
PI VOL 0.000 0.865** 0.000 
CE-VOL 0.000 0.755** 0.000 
HR-VOL 0.000 0.835** 0.000 
HF::::VOL 0.000 0.576** 0.000 
CH VOL 0.000 0.783** 0.000 
CASH FLOW 0.000 0.000 1.000** 
HOS TYPE 0.000 0.000 0.000 
COTH N 0.000 0.000 0.000 
SYSTEM-N 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 
LAMBDA X 
REGION MSASIZE 
ALOS 0.000 0.000 
PI VOL 0.000 0.000 
-CE VOL 0.000 0.000 
HR-VOL 0.000 0.000 
HF-VOL 0.000 0.000 
CH-VOL 0.000 0.000 
CASH FLOW 0.000 0.000 
HOS TYPE 0.000 0.000 
COTH N 0.000 0.000 
SYSTEM-N 0.000 0.000 
REGION-N 1.000** 0.000 
MSA SIZE 0.000 1.000** 
BETA 
STRUCTURE PROCESS OUTCOME 
STRUCTURE 0.000 0.000 0.000 
PROCESS 0.672** 0.000 0.000 










































. significant at Ci 0.05 level of significance (table continues) 

































































































































































































































Table C-4 (continued) 
THETA DELTA 
CASH FLOW HOS TYPE COTH N SYSTEM N REGION N MSA SIZE 
CASH FLOW 0.000 
HOS TYPE 0.000 0.000 
COTH N 0.000 0.000 0.000 
SYSTEM-N 0.000 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 0.000 0.000 0.000 
CORRELATION MATRIX OF ETA AND KSI 
STRUCTURE PROCESS OUTCOME ALOS VOLUME RESOURCE 
STRUCTURE 1.000 
PROCESS 0.180 1.000 
OUTCOME 0.019 0.076 1.000 
ALOS 0.333 -0.455 -0.044 1.000 
VOLUME 0.629 -0.035 0.013 0.040 1.000 
RESOURCE 0.369 0.089 0.012 0.000 0.367 1.000 
HOSTYPE 0.000 0.000 0.028 0.000 0.000 0.000 
COTH 0.125 -0.182 -0.038 0.403 0.000 0.000 
SYSTEM 0.000 0.000 0.001 0.000 0.000 0.000 
REGION -0.108 0.157 0.041 -0.347 0.000 0.000 
MSASIZE 0.070 -0.103 0.007 0.227 0.000 0.000 
CORRELATION MATRIX OF ETA AND KSI 
HOSTYPE COTH SYSTEM REGION MSASIZE 
HOSTYPE 1.000 
COTH -0.297 1.000 
SYSTEM 0.000 0.000 1.000 
REGION 0.000 -0.241 0.000 1.000 
MSASIZE 0.000 0.383 0.000 0.000 1.000 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR SPEC TOT SERV CR CARE HT INDX RN PTDAY -
0.929 0.224 0.425 0.277 0.431 0. 672 
SQUARED MULTIPLE CORRELATIONS FOR y - VARIABLES 
OPEX PD NURS BED CMINDEX ICU DAYS HR DEV15 
0.491 0.023 0.529 0.065 1.000 
(table continues) 
Table C-4 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL 
1.000 0.748 0.570 0.697 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 






SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0.514 0.438 0.008 
HF VOL CH VOL 
0.332 0. 613 
REGION N MSA SIZE 
1.000 1.000 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.718 
CHI-SQUARE WITH 182 DEGREES OF FREEDOM = 8820.33 (P 
GOODNESS OF FIT INDEX =0.818 
ADJUSTED GOODNESS OF FIT INDEX =0.725 





Structural Equation Model with Control Variables 
Control Model A for Carotid Endarterectomy 
LISREL Estimates (Maximum Likelihood) 
Completely Standardized Solution 
LAMBDA Y 
STRUCTURE PROCESS OUTCOME 
BEDS 0.977** 0.000 0.000 
SUR SPEC 0.473** 0.000 0.000 
TOT SERV 0.652** 0.000 0.000 -CR CARE 0.524** 0.000 0.000 
-HT INDX 0.648** 0.000 0.000 
RN PTDAY 0.000 0.812** 0.000 
OPEX PD 0.000 0.706** 0.000 
NURS BED 0.000 0.144** 0.000 
CMINDEX 0.688** 0.129** 0.000 
ICU DAYS 0.000 0.255** 0.000 
CE DEV 15 0.000 0.000 1.000** -
LAMBDA X 
ALOS VOLUME RESOURCE 
ALOS 1.000** 0.000 0.000 
PI VOL 0.000 0.827** 0.000 
CE-VOL 0.000 0.739** 0.000 
HR-VOL 0.000 0.791** 0.000 
HF-VOL 0.000 0.585** 0.000 
CH-VOL 0.000 0.802** 0.000 
CASHFLOW 0.000 0.000 1.000** 
HOS TYPE 0.000 0.000 0.000 
JcAHO N 0.000 0.000 0.000 
OSTEO-N 0.000 0.000 0.000 
SYSTEM-N 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 
LAMBDA X 
SYSTEM REGION MSASIZE 
ALOS 0.000 0.000 0.000 
PI VOL 0.000 0.000 0.000 
CE-VOL 0.000 0.000 0.000 
HR-VOL 0.000 0.000 0.000 
HF-VOL 0.000 0.000 0.000 
CH-VOL 0.000 0.000 0.000 
CASH FLOW 0.000 0.000 0.000 
HOS TYPE 0.000 0.000 0.000 
JcAHO N 0.000 0.000 0.000 
OSTEO-N 0.000 0.000 0.000 
SYSTEM-N 1.000** 0.000 0.000 
REGION-N 0.000 1.000** 0.000 
MSA SIZE 0.000 0.000 1.000** 
BETA 
STRUCTURE PROCESS OUTCOME 
STRUCTURE 0.000 0.000 0.000 
PROCESS 0.676** 0.000 0.000 















significant at a 
* significant at a 
0.001 level of significance 
0.05 level of significance 


























































































































































































































































Table C-5 (continued) 
THETA DELTA 
CASH FLOW HOS TYPE JCAHO N OSTEO N 
CASH FLOW 0.000 
HOS TYPE 0.000 0.000 
JcAHO N 0.000 0.000 0.000 
OSTEO-N 0.000 0.000 0.000 0.000 
SYSTEM-N 0.000 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 0.000 
THETA DELTA 
MSA SIZE 
MSA SIZE 0.000 









































PROCESS OUTCOME ALOS 
1.000 
0.005 1.000 
-0.465 -0.016 1.000 
-0.082 0.026 0.095 
0.089 0.019 0.000 
0.000 0.003 0.000 
-0.014 0.058 0.000 
0.021 0.050 0.000 
-0.013 0.043 0.000 
0.158 0.034 -0.345 
-0.095 -0.068 0.207 
ETA AND KSI 
JCAHO OS TEO SYSTEM 
1.000 
-0.850 1.000 
0.000 0.000 1.000 
0.000 0.000 0.256 
0.000 0.000 0.000 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR SPEC TOT SERV CR CARE 
0.955 0.224 0.425 0.275 
SQUARED MULTIPLE CORRELATIONS FOR y - VARIABLES 
OPEX PD NURS BED CMINDEX ICU DAYS 
0.499 0.021 0.521 0.065 
277 





















Table C-5 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL 
1.000 0.684 0.546 0.626 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 






SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
MSA SIZE 
1.000 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0.498 0.458 0.049 
HF VOL CH VOL 
0.342 0.644 
SYSTEM N REGION N 
1.000 1.000 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.733 
CHI-SQUARE WITH 202 DEGREES OF FREEDOM - 3207.86 (P - .000) 
GOODNESS OF FIT INDEX =0.875 
ADJUSTED GOODNESS OF FIT INDEX =0.815 




Structural Equation Model with Control Variables 
Control Model B for Carotid Endarterectomy Procedure 
LISREL Estimates (Maximum Likelihood) 




SUR SPEC 0.473** 
TOT-SERV 0.652** 
CR CARE 0.526** 
-HT INDX 0.656** 
RN PTDAY 0.000 
OPEX PD 0.000 
NURS BED 0.000 
CMINDEX 0.693** 
ICU DAYS 0.000 









CASH FLOW 0.000 
HOS TYPE 0.000 
COTH N 0.000 
SYSTEM-N 0.000 
REGION-N 0.000 








CH VOL 0.000 
CASH FLOW 0.000 
HOS TYPE 0.000 
COTH N 0.000 
SYSTEM-N 0.000 
REGION-N 1.000** 






significant at 01 -








































































































Table C-6 (continued) 
GAMMA 
ALOS VOLUME RESOURCE HOSTYPE COTH SYSTEM 
STRUCTURE 0. 310** 0.556** 0.164** 0.000 0.000 0.000 
PROCESS -0.661** -0.432** 0.000 0.000 0.000 0.000 
OUTCOME 0.000 0.028 0.000 0.009 -0.028 0.015 
GAMMA 
REGION MSASIZE 
STRUCTURE 0.000 0.000 
PROCESS 0.000 0.000 
OUTCOME 0.001 -0.043 
PSI 
STRUCTURE PROCESS OUTCOME 
STRUCTURE 0.487** 
PROCESS 0.000 0.563** 
OUTCOME 0.000 0.000 0.995** 
THETA EPS 
BEDS SUR SPEC TOT SERV CR CARE HT INDX RN PTDAY - -
BEDS 0.069* 
SUR SPEC -0.135** 0.776** 
TOT-SERV -0.118** 0.000 0.575** 
CR CARE 0.089** 0.000 0.000 0.723** 
HT INDX 0.000 0.000 0.000 0.177** 0.570** 
RN PTDAY -0.201** 0.000 -0.058** 0.000 0.054* 0.327** 
OPEX PD -0.097** 0.127** 0.000 0.000 0.176** 0.000 
NURS BED 0.000 0.000 0.000 0.203** 0.174** 0.378** 
CMINDEX -0.247** 0.000 -0.176** 0.000 0.150** 0.000 
ICU DAYS 0.000 0.069** 0.000 0.403** 0.162** 0.000 
CE DEV15 0.000 0.000 0.000 0.000 0.000 0.000 
THETA EPS 
OPEX PD NURS BED CMINDEX ICU DAYS CE DEV15 -
-
OPEX PD 0.508** 
NURS BED 0.000 0.977** 
CMINDEX 0.197** 0.063** 0.471** 
ICU DAYS 0.000 0.184** 0.154** 0.935** 
CE DEV15 0.000 0.000 0.000 0.000 0.000 
THETA DELTA 
ALOS PI VOL CE VOL HR VOL HF VOL CH VOL 
ALOS 0.000 
PI VOL 0.089** 0.252** -
CE VOL 0.000 -0 .094** 0.429** -
HR VOL 0.000 -0 .099** -0.067** 0.304** 
HF
-
VOL 0.000 0 .097** 0.000 0.199** 0.668** 
CH VOL 0.000 0 .000 0.000 0.082** 0.243** 0.387** 
CASH FLOW 0.000 -0.050** 0.000 0.000 0.000 0.000 
HOS TYPE 0.000 0.000 0.000 0.000 0.000 0.000 
cC)TH N 0.000 0.000 0.000 0.000 0.000 0.000 
SYSTEM N 0.000 0.000 0.000 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 0.000 0.000 0.000 
(table continues) 








































































































SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR_SPEC TOT SERV CR CARE 
0.931 0.224 0.425 0.277 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
OPEX PD NURS BED CMINDEX ICU DAYS 
0.492 0.023 0.529 0.065 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL 
1.000 0.748 0.571 0.696 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
CASH FLOW HOS TYPE COTH N SYSTEM N 







































Table C-6 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0.513 0.437 0.005 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.718 
CHI-SQUARE WITH 182 DEGREES OF FREEDOM = 8799.42 (P = .000) 
GOODNESS OF FIT INDEX =0.819 
ADJUSTED GOODNESS OF FIT INDEX =0.726 




Structural Equation Model with Control Variables 
Control Model A for Pacemaker Insertion 
LISREL Estimates (Maximum Likelihood) 
Completely Standardized Solution 
LAMBDA Y 
STRUCTURE PROCESS OUTCOME 
BEDS 0.977** 0.000 0.000 
SUR SPEC 
-
0.473** 0.000 0.000 
TOT SERV - 0.652** 0.000 0.000 
CR CARE 
-
0.525** 0.000 0.000 
HT INDX 0.648** 0.000 0.000 
RN PTDAY 0.000 0.812** 0.000 
OPEX PD 0.000 0.707** 0.000 
NURS BED 0.000 0.144** 0.000 
CMINDEX 0.688** 0.129** 0.000 
ICU DAYS 0.000 0.255** 0.000 
PI DEV15 0.000 0.000 1.000** 
LAMBDA X 
ALOS VOLUME RESOURCE 
ALOS 1.000** 0.000 0.000 
PI VOL 
-
0.000 0.827** 0.000 
CE VOL - 0.000 0.738** 0.000 
HR VOL 0.000 0.790** 0.000 
HF-VOL 0.000 0.584** 0.000 
CH-VOL 0.000 0.803** 0.000 
CASH FLOW 0.000 0.000 1.000** 
HOS TYPE 0.000 0.000 0.000 
JcAHO N 0.000 0.000 0.000 
OS TEO N 0.000 0.000 0.000 
SYSTEM-N 0.000 0.000 0.000 
REGION-N 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 
LAMBDA X 
SYSTEM REGION MSASIZE 
ALOS 0.000 0.000 0.000 
PI VOL 0.000 0.000 0.000 
-CE VOL 0.000 0.000 0.000 
-HR VOL 0.000 0.000 0.000 
HF-VOL 0.000 0.000 0.000 
CH-VOL 0.000 0.000 0.000 
CASH FLOW 0.000 0.000 0.000 
HOS TYPE 0.000 0.000 0.000 
JCAHO N 0.000 0.000 0.000 
OSTEO
-
N 0.000 0.000 0.000 
SYSTEM-N 1.000** 0.000 0.000 
REGION-N 0.000 1.000** 0.000 
MSA SIZE 0.000 0.000 1.000** 
BETA 
STRUCTURE PROCESS OUTCOME 
STRUCTURE 0.000 0.000 0.000 
PROCESS 0.677** 0.000 0.000 















significant at a - 0.001 level of significance 
+ significant at a 0.05 level of significance 



























































































































































































































































Table C-7 (continued) 
THETA DELTA 
CASHFLOW HOS TYPE JCAHO N OSTEO N SYSTEM N REGION N 
CASH FLOW 0.000 
HOS TYPE 0.000 0.000 
JcAHO N 0.000 0.000 0.000 




MSA SIZE 0.000 
CORRELATION MATRIX OF ETA AND KSI 
STRUCTURE PROCESS OUTCOME ALOS VOLUME RESOURCE 
STRUCTURE 1.000 
PROCESS 0.174 1.000 
OUTCOME 0.021 -0.007 1.000 
ALOS 0.345 -0.464 -0.008 1.000 
VOLUME 0.625 -0.083 0.043 0.095 1.000 
RESOURCE 0.337 0.089 0.029 0.000 0.314 1.000 
HOSTYPE 0.000 0.000 -0.004 0.000 0.000 0.000 
JCAHO 0.102 -0.014 -0.094 0.000 0.187 0.000 
OSTEO -0.158 0.022 0.146 0.000 -0.290 0.000 
SYSTEM 0.098 -0.013 0.043 0.000 0.179 0.000 
REGION -0.101 0.158 0.012 -0.345 0.000 0.000 
MSASIZE 0.061 -0.095 -0.101 0.207 0.000 0.000 
CORRELATION MATRIX OF ETA AND KSI 
HOSTYPE JCAHO OS TEO SYSTEM REGION MSASIZE 
HOSTYPE 1.000 
JCAHO 0.000 1.000 
OS TEO 0.000 -0.850 1.000 
SYSTEM 0.226 0.000 0.000 1.000 
REGION 0.000 0.000 0.000 0.256 1.000 
MSASIZE 0.000 0.000 0.000 0.000 0.000 1.000 
SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR SPEC TOT SERV CR CARE HT INDX RN PTDAY 
0.955 0.224 0.425 0.275 0.420 0.659 
SQUARED MULTIPLE CORRELATIONS FOR y - VARIABLES 
OPEX PD NURS BED CMINDEX ICU DAYS PI DEV15 
-
-
0.500 0.021 0.521 0.065 1.000 
(table continues) 
Table C-7 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL 
1.000 0.684 0.545 0.624 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
CASH FLOW HOS_TYPE 
1.000 
JCAHO N OSTEO N 
1.000 1.000 




SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0. 4 98 0.459 0.045 
HF VOL CH VOL 
0.341 0.644 
SYSTEM N REGION N 
1.000 1.000 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.732 
CHI-SQUARE WITH 202 DEGREES OF FREEDOM = 3204.19 (P - .000) 
GOODNESS OF FIT INDEX =0.875 
ADJUSTED GOODNESS OF FIT INDEX =0.815 




Structural Equation Model with Control Variables 
Control Model B for Pacemaker Insertion 
LISREL Estimates (Maximum Likelihood) 





















































































significant at a 





















































































0.001 level of significance 
















Table C-8 (continued) 
GAMMA 
ALOS VOLUME RESOURCE HOSTYPE COTH SYSTEM 
STRUCTURE 0.310** 0.556•• 0.164** 0.000 0.000 0.000 PROCESS -0.661** -0.432** 0.000 0.000 0.000 0.000 OUTCOME 0.000 0.030 0.000 0.007 -0.008 0.035 
GAMMA 
REGION MSASIZE 
STRUCTURE 0.000 0.000 
PROCESS 0.000 0.000 
OUTCOME -0.015 -0.069* 
PSI 
STRUCTURE PROCESS OUTCOME 
STRUCTURE 0.487•• 
PROCESS 0.000 0.563•• 
OUTCOME 0.000 0.000 0.992** 
THETA EPS 
BEDS SUR SPEC TOT SERV CR 
-




SUR SPEC -0.135•• 0.776•• 
TOT-SERV -0.118** 0.000 0.575** 
CR CARE 0.090** - 0.000 0.000 0.723** HT INDX 0.000 0.000 0.000 0.177•• 0.570** 
RN PTDAY -0.201** 0.000 -0.058** 0.000 0.054* 0.328** 
OPEX PD -0.098** 0.127** 0.000 0.000 0.176•• 0.000 
NURS BED 0.000 0.000 0.000 0.203•• 0.174** 0.378** 
CMINDEX -0.248** 0.000 -0.176** 0.000 0.150** 0.000 
ICU DAYS 0.000 0.069** 0.000 0.403** 0.162** 0.000 
PI DEV15 0.000 0.000 0.000 0.000 0.000 0.000 
THETA EPS 
OPEX PD NURS BED CMINDEX ICU DAYS PI DEV15 - -
OPEX PD 0.507** 
NURS BED 0.000 0.977•• 
CMINDEX 0.196** 0.063** 0.470** 
ICU DAYS 0.000 0.184** 0.154** 0.935** 
PI DEV15 0.000 0.000 0.000 0.000 0.000 
THETA DELTA 
ALOS PI VOL CE VOL HR VOL HF VOL CH VOL -
ALOS 0.000 
PI VOL 0.089** 0.251** 
-
CE VOL 0.000 -0.095** 0.429** 
HR-VOL 0.000 -0.099** -0.067** 0.304** 
HF-VOL 0.000 0.097** 0.000 0.200** 0.669** 
CH VOL 0.000 0.000 0.000 0.082** 0.243** 0.387** 
CASH FLOW 0.000 -0.050* 0.000 0.000 0.000 0.000 
HOS TYPE 0.000 0.000 0.000 0.000 0.000 0.000 
COTH N 0.000 0.000 0.000 0.000 0.000 0.000 
SYSTEM-N 0.000 0.000 0.000 0.000 0.000 0.000 
REGION N 0.000 0.000 0.000 0.000 0.000 0.000 
MSA SIZE 0.000 0.000 0.000 0.000 0.000 0.000 
(table continues) 
Table C-8 (continued) 
THETA DELTA 
CASH FLOW 
CASH FLOW 0.000 
HOS TYPE 0.000 




















































































SQUARED MULTIPLE CORRELATIONS FOR Y - VARIABLES 
BEDS SUR SPEC TOT SERV CR CARE 
0.931 0.224 0.425 0.277 
SQUARED MULTIPLE CORRELATIONS FOR y - VARIABLES 
OPEX PD NURS BED CMINDEX ICU DAYS 
-
0.493 0.023 0.530 0.065 
289 













HT INDX RN PTDAY 
-




Table C-8 (continued) 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
ALOS PI VOL CE VOL HR VOL HF VOL CH VOL 
1.000 0.749 0. 571 0. 696 0.331 0. 613 
SQUARED MULTIPLE CORRELATIONS FOR X - VARIABLES 
CASH FLOW HOS TYPE COTH N SYSTEM N REGION N MSA SIZE 
1.000 1.000 1.000 1.000 1.000 1.000 
SQUARED MULTIPLE CORRELATIONS FOR STRUCTURAL EQUATIONS 
STRUCTURE PROCESS OUTCOME 
0. 513 0.437 0.008 
TOTAL COEFFICIENT OF DETERMINATION FOR STRUCTURAL EQUATIONS IS 0.719 
CHI-SQUARE WITH 182 DEGREES OF FREEDOM - 8823.37 (P - .000) 
GOODNESS OF FIT INDEX =0.819 
ADJUSTED GOODNESS OF FIT INDEX =0.725 
ROOT MEAN SQUARE RESIDUAL =0.134 
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